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The source of one of the springs in 
Tauranga is used here to observe the Moon 
and Sun.
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Abstract
Groundwater sources are disappearing from highly populated areas around the world. Over 
harvesting, pollution and demand for space are some of the primary factors attributed to their decline. 
The absence of public support to protect these important water sources can be attributed to a lack of 
public awareness, understanding and appreciation for groundwater and the role it plays in the life and 
sustenance of a city. In Tauranga City for example, local residents are unaware of the dormant springs 
buried beneath their city library, war museum and police station. This project investigates how civil 
architecture can improve the social value of groundwater by improving public perception, knowledge 
and endorsement for the protection and restoration of local groundwater entities. This research 
utilises existing architectural case studies associated with groundwater to identify quantities and 
qualities that have improved the social value of groundwater. Common traits found across the sample 
group were evaluated and incorporated in the design process/outcome of a “Spring Observatory” at 
the source of one of the springs in the Tauranga City centre. This research identifies a number of gaps 
in the knowledge of groundwater-architecture and the historic landscape of Tauranga City. Future 
research in this field should investigate i) the social value of groundwater, focusing on indigenous 
communities, (i.e. Māori) ii) the historic landscape of the Te Papa peninsula prior to European 
settlement and iii) define groundwater-architecture to establish more specialised research within the 
generalised field of “water buildings”.
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2Executive Summary   
Background / Personal note
Many people are concerned with the growing global water crisis and forecasted freshwater shortages. 
This project aims to determine how a member of the architectural profession could make a difference. 
Background research has highlighted that most of the liquid freshwater on Earth is groundwater, 
but a great number of these sources are drying up or being destroyed in populated areas, like cities. 
Based in Tauranga City, this project focused on local groundwater sources such as springs and 
aquifers in the CBD and along the Te Papa peninsula. “Spring Street” is located in the city centre, 
but the spring it was named after no longer reaches the surface. The spring source had suffered the 
same fate as several other springs located in the city centre, having been levelled and built over. As a 
result the public, mana whenua and other local experts know very little about the dormant spring. The 
challenge was to see if an architectural project could contribute to a dialogue about the underlying 
social issues in the ongoing water crisis, reawaken public interest in Tauranga’s historical springs, 
and return, in some form, the springs to Tauranga’s City centre.
Project outline 
Designing a Spring Observatory around one of the dormant spring sources in Tauranga City Centre.
Objective
In the current global water crisis, groundwater sources are deteriorating particularly in populated 
areas. Cities and urban areas will, for the foreseeable future, continue to grow. With that growth 
comes an ever-increasing demand for water. The objective of this project is to investigate how 
architecture could improve public knowledge, perception and support for the protection and 
restoration of groundwater sources. In the current Anthropocene era, the greatest force driving 
environmental change is no longer ‘Mother Nature’, but humans. It is also easy to say people need to 
change because they should; the challenge is getting people to want that change.
Research question
How can architecture improve the public awareness, understanding and appreciation of groundwater?
Scope and limitations
•	 Authentic groundwater-architecture: case studies and designs that rely solely on artificial water 
systems, contributing to public deficits, will not be considered.
•	 Tauranga Moana: Site selection is restricted to Tauranga City and Western Bay of Plenty 
districts.
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State of knowledge
The global water crisis includes the deterioration of groundwater sources that are disappearing 
from populous areas like cities.1  Johannessen et al.2 and Hamed et al.3 suggest that the crisis could 
potentially be solved by addressing social issues, such as deficits in public knowledge and perception 
of groundwater. Bricker,4 Brown5 and Livingston6 have identified connections between the built 
environment and social values. This connection may also be a potential solution to addressing the 
social issues underpinning the global water crisis. A search using the Scopus search engine estimates 
that only 0.3% of peer reviewed “groundwater” publications also include the keywords “architecture” 
and “social”.7 This research paper aims to highlight and address some of the knowledge gaps 
surrounding ‘groundwater-architecture’ and understanding of the social value of groundwater. It also 
aims to highlight existing knowledge gaps regarding the historical landscape of Tauranga City prior 
to European arrival.
Methodology
This research paper uses a “Case Study” approach by analysing existing groundwater-architectural 
projects that improve groundwater entities’ social value, for example public awareness, understanding 
and/or appreciation. Several groundwater-architectural projects will be selected based on their 
locations, dates of completion and proximity to groundwater (built over, next to, or dug into). 
Detailed quantitative and qualitative analyses of case studies will identify common traits that can 
then be evaluated and incorporated into the design process/outcome.
Outcome
The “Spring Observatory” uses light from the Moon and Sun reflected off the still spring water to 
illuminate elements around the observatory, to anticipate and mark significant astronomical events. 
Astronomical events considered are the summer and winter solstices associated with the Georgian 
calendar, as well as Moon phases and precessions integral to maramataka (indigenous Māori 
lunar calendar). The detailed setting-out and proportions of each building element reflect layers of 
astronomical information. The broader conceptual design reflects the common traits identified in 
the sample of groundwater-architectural projects that improve public awareness, understanding and 
appreciation for groundwater.
1  J. S Famiglietti, “The global groundwater crisis,” Nature Climate Change (4 November, 2014): 945-946. https://sites.tufts.edu/uepblog/
files/2015/03/Famiglietti-NCC-291014.pdf.
2  Åse Johannessen, Åse Gerger Swartling and Kim Andersson, “Transforming urban water governance through social (triple‐loop) 
learning,” Environmental Policy and Governance 29 (2019): 144-154, https://doi.org/10.1002/eet.1843.
3  Mohammed A. Hamed, Samy S. Abu-Naser and Khaldoun S. Abualhin, ”Intelligent Tutoring System Effectiveness for Water Knowledge 
and Awareness,” International Journal of Academic Information Systems Research, no. 2 (April, 2018): 19.
4  Stephanie H. Bricker, Vanessa J. Banks, G. Galik, Deodato Tapete and R. Jones, “Accounting for groundwater in future city visions,” Land 
Use Policy, no. 69 (2017): 618-630. https://www.sciencedirect.com/science/article/pii/S0264837717303563#!.
5  R. R. Brown, N. Keath and Tony  H. F. Wong, “Urban water management in cities: historical, current and future regimes,” Water Science 
Technology: a journal of the International Association on Water Pollution Research 59 (2009): 847-855.
6  Morna Livingston. Steps to Water: The Ancient Stepwells of India (New York: Princeton Architectural Press, 2002) 139.
7  “Document search,” Scopus, Elsevier, accessed 17 Sep, 2019. https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=9ca6ae0177
993783f61979721672bd9c&sot=a&sdt=a&sl=61&s=%28TITLE-ABS-KEY%28groundwater%29%29+AND+%28%28architecture%29%29
+OR+%28Social%29&origin=searchadvanced&editSaveSearch=&txGid=ab0f9cc390d838850ff312ae42380363.
(Fig 4.) Rendered Section through the ‘Spring Observatory’, by author.
5Literature review: Architecture-Groundwater
The current global water crisis encompasses the deteriorating state of groundwater.8 Disappearing 
groundwater sources are expected to impact drinking water for 2 billion people, half of the worlds 
agriculture and risks population and cultural displacement.9 The majority of emerging groundwater 
publications are quantitative studies on depletion rates or remaining groundwater volumes like 
Famiglietti,10 Cuthbert  et al.11 and Gleeson1 et al.12 Studies like these provide vital information for 
governing bodies to anticipate water-related disasters and ‘Day Zero’ events, but they rarely propose 
any long-term solutions to restore or protect groundwater.13 Johannessen et al.14 and Hamed et al.15 
suggest that social issues, like deficits in public awareness and understanding about groundwater 
are potential contributors to the global water crisis. A potential solution to protect and (/or) restore 
groundwater is to addressing these underlying social issues. 
One potential strategy to addressing the social issues underpinning the global water crisis is to 
improve the social influences of built environments.  Bricker,16 Brown17 and Livingston18 have 
identified connections between the built environment and public behaviour, values and perceptions. 
A search using the Scopus search engine identified approximately ninety thousand peer reviewed 
“groundwater” publications during the last decade (2009-2019), however only 12% of them also 
included the keywords “architecture” or “social”.19 Fields like socio-hydrology have identified 
connections between water, the built environment and social factors like culture, economy and 
history,20 but are focused primarily on water-related disasters.21,22 Reactive solutions for the increasing 
frequency and severity of water related disasters are necessary, but as Koop and Leeuwen suggest 
“Globally, the main challenge is to move from reactive measures to proactive transitions”.23 Fields 
like Sponge Cities,24 Water Sensitive Urban Design25 and Sustainable Urban Water Management26 
offer some long-term solutions for the built environment that are associated with groundwater. 
8  Famiglietti, “The global groundwater crisis,” 945-946 .
9  Famiglietti, “The global groundwater crisis,” 945-946.
10  Famiglietti, “The global groundwater crisis,” 945-948.
11  M.O. Cuthbert, Tom Gleeson, Nils Moosdorf, Kelvin M. Befus, A. Schneider, Jens Hartmann and B. Lehner, “Global patterns and dynamics 
of climate–groundwater interactions,” Nature Climate Change, no. 9 (2019): 137–141, https://doi.org/10.1038/s41558-018-0386-4.
12  Tom Gleeson, Kevin M. Befus, Scott Jasechko, Elco Luijendijk and M. Bayani Cardenas, “The global volume and distribution of modern 
groundwater,” Nature Geoscience, no. 9 (16 November, 2015): 1-7, https://doi.org/10.1038/ngeo2590.
13  Laura Daniela Alzate González and Roberto Andrés Peñaloza Lanza, Day Zero: the role of social movements in the face of Cape Town’s 
water crisis. (Linnæus University, 2019), 1-3, http://www.divaportal.org/smash/get/diva2:1347017/FULLTEXT02
14  Johannessen,  Swartling and Andersson, “Transforming urban water governance,” 144-154.
15  Hamed, Abu-Naser and Abualhin, ”Intelligent Tutoring System Effectiveness,” 19.
16  Bricker, Banks, Galik, Tapete and Jones, “Accounting for groundwater in future city visions,” 618-630.
17  Brown, Keath and Wong, “Urban water management in cities,” 847-855.
18 18 Livingston. Steps to Water, 133-148.
19  Elsevier, “Scopus: Document search.”
20  Murugesu Sivapalan, Hubert H.G. Savenije, and Günter Blöschl, “Socio‐hydrology: A new science of people and water,” Hydrological 
Processes 26 (April, 2012): 1270-1272, https://doi.org/10.1002/hyp.8426.
21  Giuliano Di Baldassarre, Alberto Viglione, Gemma Carr, Linda Kuil, J.L. Salinas, and G. Blöschl, “Socio-hydrology: conceptualising 
human-flood interactions,” Hydrology and Earth System Science 17 (August, 2013): 3295-3303, https://doi.org/10.5194/hess-17-3295-2013.
22  Megan Konar, Margaret Garcia, Matthew R. Sanderson, David Yu, and Murugesu Sivapalan. “Expanding the Scope and Foundation 
of Sociohydrology as the Science of Coupled Human-Water Systems.” Water Resources Research (December, 2018): 2-3, https://doi.
org/10.1029/2018WR024088.
23  Steven H.A. Koop and K. Van Leeuwen, “The challenges of water, waste and climate change in cities,” Environment Development and 
Sustainability 19 (1 February, 2016): 7, https://doi.org/10.1007/s10668-016-9760-4.
24  Huan Liu, Yangwen Jia, and C.W. Niu, “‘Sponge city’ concept helps solve China’s urban water problems,” Environment Earth Science 76 
(July, 2017): 473, https://doi.org/10.1007/s12665-017-6652-3.
25  Tony H.F. Wong, “Water Sensitive Urban Design – The Journey Thus Far,” Australian Journal of Water Resources 10 (January, 2006): 1-3.
26  Jacqueline Hoyer, Wolfgang Dickhaut, Lukas Kronawitter and Björn Weber, Water Sensitive Urban Design: Principles and Inspiration for 
Sustainable Stormwater Management in the City of the Future (Berlin: Jovis, 2011), 18.
These three fields are becoming increasingly synonymous within urban design, focusing on urban 
water management and designs that improve the public’s environmental understanding.27 Existing 
solutions such as green rooves and green spaces are proactive,28 but they do not adequately 
consider architecture or interior design disciplines.29 ‘Water Sensitive Cities’ similarly identify 
social connections between the built and natural environment, but typically focus on solutions for 
infrastructure not architecture.30,31 These emerging fields identify and address some behavioural issues 
associated with the built environment, but do not sufficiently address groundwater and architectural 
design.
“Water buildings” is a general field encompassing all architectural design closely associated with 
any type or source of water. Livingston states “no regular system for naming water buildings exists,” 
but some sub-field have been established specialising in types of surface water architecture.32 These 
include amphibious,33 floating,34 blue35 and hydrotherapeutic36 architecture which focus on sites near 
or on rivers, oceans, flood plains or artificial systems. Amphibious and floating architects claim to 
be addressing the effects of climate change, but are frequently marketed and used to exploit new 
environments that were historically uneconomical or inaccessible.37 As Coutts, director of Baca an 
amphibious architectural firm states on the home page of their website, these are “clear strategies 
to unlock sites on floodplains or by rivers to provide homes”.38 Blue spaces and hydrotherapeutic 
architecture focus almost exclusively on reaping the associated health benefits of water. Artificial 
water features are used to mimic calm and tranquil natural water sources like springs, to improve 
people’s mental health and the atmospheric qualities of space. Projects like Tadao Ando’s Water 
Temple,39 the 9/11 Memorial Plaza40 and the Jewel Mall in Singapore41 use water for spiritual, 
therapeutic, or environmentally sensitive connotations, sometimes exceptionally, but they are all 
a “decorative lie”.42 Artificial systems do not protect or inspire an appreciation for natural water 
sources, but rather exploit their qualities and connotations. None of these architectural fields are 
explicitly concerned or focused on protecting, restoring or enhancing groundwater.
This research proposes Groundwater-architecture as new field of research to investigate the 
connections between architectural design and groundwater sources. Examples of Groundwater-
27  Hoyer, Dickhaut, Kronawitter and Weber, Water Sensitive Urban Design, 36-37.
28  Hoyer, Dickhaut, Kronawitter and Weber, Water Sensitive Urban Design, 21-28.
29  Hoyer, Dickhaut, Kronawitter and Weber, Water Sensitive Urban Design, 8.
30  Tony H.F. Wong and R.R. Brown, “The water sensitive city: Principles for practice,” Water Science and Technology 60 (February, 2009): 
673-682, https://doi.org/10.2166/wst.2009.436.
31  Gary Grant, The Water Sensitive City (Chichester, West Sussex, England: Wiley Blackwell, 2016), 180.
32  Livingston. Steps to Water, xxi.
33  Polpat Nilubon, William Veerbeek and Chris Zevenbergen, “Amphibious Architecture and Design: A Catalyst of Opportunistic 
Adaptation? – Case Study Bangkok,” Procedia - Social and Behavioural Sciences 216 (January, 2016) 477-479, https://doi.org/10.1016/j.
sbspro.2015.12.063.
34  Yuan-Ho Lin, Yung Chih Lin and Han-Shih Tan, “Design and functions of floating architecture – a review,” Marine Georesources & 
Geotechnology (14 Oct, 2018): 1, https://doi.org/10.1080/1064119X.2018.1503761.
35  Katarína Čákyová and Zuzana Vranayová, “Impact of blue space in architecture and possibilities of using,” MATEC Web Conference 174 
(January, 2018): 2, https://doi.org/10.1051/matecconf/201817401037
36  Christiane Machado, Enhancing Recovery: Architecture that Heals, (Master’s Thesis, University of Maryland, 2018), 24 and 186.
37  Lin, Lin and Tan, “Design and functions of floating architecture,” 1.
38  Richard Coutts, “Building in, on or near water,” Baca Architects, accessed 17 Sep, 2019. https://www.baca.uk.com.
39  Hsiang Ming Hsu, Yu-Li Chang and Hsiu-Hui Lin, “Emotional Architecture - A Study of Tadao Ando’s Genius Loci Design Philosophy and 
Design Syntax,” International Journal of Chemical, Environmental & Biological Sciences 3 (2016): 458-459.
40  Karen Wilson Baptist, “Incompatible identities: Memory and experience at the National September 9/11 Memorial and Museum,” Emotion, 
Space and Society 16 (August 2015): 5, https://doi.org/10.1016/j.emospa.2015.05.003.
41  “Shiseido Forest Valley: Explore Eternal Spring within Jewel,” Jewel: Changi Airport, Changi Airport Group and CapitaLand, accessed 23 
September, 2019, https://www.jewelchangiairport.com/en/attractions/forest-valley.html.
42  James Elmer Young, “Memory and Counter-Memory: The End of the Monument in Germany,” Harvard Design Magazine, no. 9 (Fall, 
1999): 4.
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7architecture are defined as ‘architectural designs’ closely associated with groundwater, physically 
and meaningfully. ‘Architectural designs’ excludes any engineered or mass produced designs like 
infrastructure plants or groundwater pumps concerned solely with utilitarian purposes. Livingston 
compared colonial bathroom fixtures to the Hindu stepwells of India, concluding that “Britain 
brought new hydraulic engineering to India, not new water architecture”.43 The ancient wells of 
the Nuraghic water cults44 and the Mayan water temples45 cannot be compared to the taps, facets 
and shower heads of Modern Architecture. The close association between groundwater and these 
designs is more than a close proximity. Groundwater-architecture like Chand Baori Stepped pond,46 
Puukenga47 and Pozzo sacro di Santa Christina,48 were all designed to enhance beliefs and ritual 
practices. Inspired by religious, spiritual and other social factors, these examples were not exclusively 
intended for utilitarian purposes. Livingston49 and Cusack and Wilson50 discuss specific types of 
Groundwater-architecture with detailed insight into the social connections behind them, but only 
draw a few conclusions about Groundwater-architecture in general. Social connections are integral to 
Groundwater-architecture and fundamental to understanding their reciprocal influences and potential. 
There is an abundance of literature regarding the social connections with water, but there is little that 
focuses exclusively on the social value of groundwater.
The social connections and associations with groundwater are almost universal in every major 
religion and indigenous culture. Existing literature on the social value of groundwater tends to focus 
very specifically on one demographic, location or culture like publications by Thi Bui et al.51 and 
Varua et al.,52 but share many commonalities. For example, the indigenous social value of water is 
frequently determined by its quality or qualities and not by its source. Architectural professor, Morna 
Livingstone, explains how Hindus of Rajasthan, India “often claim their stepwell is connected by a 
tunnel to the sacred river Ganges” perceiving ground and surface waters synonymously.53 Hindus did 
distinguish types of water by quality, or rather purity, which was important for cleansing water rituals 
like bathing. The stepped pond Manikarnika Kund was deemed to have water so pure and holy that 
“all the other tirthas [watering holes] are said to come here at midday to bathe… and to become pure 
again”.54 Zhong et al. explains how water rituals including Christian baptism, Islamic wūdu as well 
as Hindu bathing, all involve washing the body clean of sins or impurities. So naturally the higher the 
quality of water the more pure the ritual.55 Groundwater sources were typically of higher quality than 
rivers and lakes that were more vulnerable to surface pollution and frequently regarded as sacred. 
43  Livingston. Steps to Water, 137.
44  Arnold Lebeuf, “Nuraghic Well of Santa Cristina, Paulilatino, Oristano, Sardinia,” in Handbook of Archaeoastronomy and Ethnoastronomy. 
(New York: Springer, 2015), 155, https://doi.org/10.1007/978-1-4614-6141-8_132.
45  Lisa J. Lucero and Andrew Kinkella, “Pilgrimage to the Edge of the Watery Underworld: an Ancient Maya Water Temple at Cara Blanca, 
Belize,” Cambridge Archaeological Journal 25 (February, 2015), 163-166, https://doi.org/10.1017/S0959774314000730
46  Livingston. Steps to Water, 38-41.
47  Ella Henry and Paniora, Hare, Puukenga (Bdg 171): School of Māori Education , (Unitec New Zealand, 2003), 1.
48  Lebeuf, “Nuraghic Well of Santa Cristina,” 1414.
49  Livingston. Steps to Water, 1-7.
50  Carole M. Cusack and Dominique Beth Wilson, “Scotland’s Sacred Waters: Holy Wells and Healing Springs,” Journal of the Sydney Society 
for Scottish History 16 (October, 2016): 67-68.
51  Bui Nuong Thi, Akira Kawamura, Hideo Amaguchi, Duong Bui, Tu Ngoc Truong and Kei Nakagawa, “Social sustainability assessment of 
groundwater resources: A case study of Hanoi, Vietnam,” Ecological Indicators 93, (October 2018): 1034-1036, https://doi.org/10.1016/j.
ecolind.2018.06.005
52  Maria Varua, John R. Ward, Basant Maheshwari, Seema Dave and Rai Kookana, “Groundwater management and gender inequalities: 
The case of two watersheds in rural India,” Groundwater for Sustainable Development 6, (November 2017): 6-8, https://doi.org/10.1016/j.
gsd.2017.11.007.
53  Livingston. Steps to Water, 29.
54  Diana L. Eck. Banaras: City of Light (Princeton: Princeton University Press, 1983), 244-245.
55  Chen-Bo Zhong and Katie A. Liljenquist, “Washing away your sins: threatened morality and physical cleansing,” Science 313 (October, 
2006): 1451, https://doi.org/10.1126/science.1130726.
Mann56 and Edlund-Berry57 explain that religious or sacred institutes were typically established near 
a groundwater source, such as a “sacred spring” or “holy well” for easy access to ‘pure’ water.58 The 
typically higher water quality of groundwater is what made it so valuable and sacred, not the location 
of its sub-terranean source.
Groundwater-architecture and the social value of groundwater also reflect the common associations 
with healing, women, the Moon and fertility. Springs and wells were often deemed by indigenous 
people to have miracle producing or healing properties.59 Even Vitruvius declared that “every hot 
spring has healing properties because it has been boiled with foreign substances”.60 Serbulea and 
Payyappallimana61 along with Hölting and Coldewey explain that medicinal water is attributed 
to high levels of minerals such as calcium, magnesium or sodium.62 In New Zealand, Māori used 
sulphur springs to treat skin and arthritic aliments63 and in Japan, onsen (hot springs) were used to 
alleviate muscle pain and heal battle wounds.64 Cusack and Wilson also discuss the ‘miracles’ or 
‘legends’ of healing groundwater such as the waters of Well of the Head in Wester Ross, Scotland 
believed to cure epilepsy.65 Shrines and temples constructed near healing groundwater were dedicated 
to a specific deity, spirit or saint associated and they were typically female.66 Women would come 
to stepwells like Sitala (smallpox) for cures from ‘the mother goddess’67 and the Roman temple, 
Sulis Minerva, at Bath spring is an assimilation of the Celtic and Roman healing goddesses.68 
Groundwater is also associated with Moon because like the tides of the seas, groundwater levels are 
highest during a full moon. Tāwhai,69 Mākiha70 and Best71 explain how indigenous lunar calendars 
like maramataka identified the full Moon as the best time to plant because higher groundwater levels 
resulted in higher yields later. The connection between the fertility of the land and groundwater is 
one possibility why many healing waters and deities were also associated with the Moon and fertility 
of women.72 The most common and universal culmination of these groundwater connections is the 
personification of “Mother Earth”.73 Māori regarded springs as the ‘life blood’ of Papatūānuku74 
and the Greeks considered Tethys, daughter to Gaia (Mother Earth), was the titian of springs and 
56  A. T. Mann, Sacred Architecture (London: Vega, 2002), 55.
57  Ingrid E.M. Edlund-Berry, “Hot, cold, or smelly: the power of sacred water in Roman religion, 400–100 BCE,” Religion in Republican Italy 
33 (January, 2006) 173-175.
58  Cusack and Wilson, “Scotland’s Sacred Waters,” 69-70.
59  Cusack and Wilson, “Scotland’s Sacred Waters,” 71-72.
60  Vitruvius, The Ten Books on Architecture, trans. M.H. Morgan (New York: Dover Publications, 1998), 311.
61  Mihaela Serbulea and Unnikrishnan Payyappallimana, “Onsen (hot springs) in Japan—Transforming terrain into healing landscapes,” 
Health & Place 18 (July, 2012): 1366–1373, https://doi.org/10.1016/j.healthplace.2012.06.020
62  Bernward Hölting and Wilhelm G. Coldewey, “Groundwater Classifications,” in Hydrogeology, (Springer Textbooks, 2019), 195–196, 
https://doi.org/10.1007/978-3-662-56375-5_14
63  “Maori and Geothermal Resources,” Community, Waikato Regional Council, accessed 23 September, 2019, https://www.waikatoregion.
govt.nz/community/your-community/iwi/a-maori-perspective-te-ao-maori/maori-and-geothermal-resources/
64  Serbulea and Payyappallimana “Onsen (hot springs) in Japan,” 1366–1373.
65  Cusack and Wilson, “Scotland’s Sacred Waters,” 80.
66  Cusack and Wilson, “Scotland’s Sacred Waters,” 69.
67  Livingston. Steps to Water, 29-31.
68  James Gerrard, “The Temple of Sulis Minerva at Bath and the end of Roman Britain,” The Antiquaries Journal 87 (September, 2007): 148-
168, https://doi.org/10.1017/S0003581500000871
69  Tāwhai Wiremu, Living by the Moon: Te Maramataka a Te Whānau-ā-Apanui (Wellington: Huia Publishers, 2013), 17-22.
70  Rereata Mākiha, “Rereata Mākiha,” Waka Huia, Youtube, Dir. Kereama Wright, published 14 July, 2018, https://www.youtube.com/
watch?v=uBisUbuGMNA.
71  Elsdon Best, “The Māori Division of Time,” Dominion Museum Monograph No. 4, (Wellington: Government Printer, 1973), 28-43.
72  Kim Anderson, “Traditional and Indigenous Knowledge,” in The Wiley Blackwell Encyclopaedia of Gender and Sexuality Studies, ed. Nancy 
Naples, (John Wiley & Sons, 2016), 2, https://doi.org/10.1002/9781118663219.wbegss118.
73  Anderson, “Traditional and Indigenous Knowledge,” 2.
74  Rangitāne o Wairarapa Inc and Greater Wellington Regional Council, Ngāti Hāmua Environmental Education Sheets (Wairarapa: Lamb-
Peters Print, 2006), 8.
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9“feminine fertility”.75 Hindus commonly referred to the groundwater in their stepwells as “mother” 
synonymous to “the mother goddess and her myriad companions” who were “genius Loci of 
stepwells…worshipped mostly by women to increase fertility”.76 The majority of indigenous cultures 
and major religions share similar social values for groundwater and consequently similar traits in 
their Groundwater-architecture. This is due to the almost universal connections observed between 
groundwater and the Moon, fertility, women and healing.
Groundwater is also a symbol for life, heritage and personal identity. The connections all waters 
have with healing, fertility and mothers, as well as the obvious human necessity for clean drinking 
water, reflects the universal dependency on water for life. Vitruvius states “Earth, he held, was 
impregnated by the rains of heaven and, thus conceiving, brought for the young of mankind and 
of all the living creatures in the world”.77 Water was the origin and means for sustaining life.  
Indigenous communities commonly associated their history with landmarks including groundwater 
sources.78 The landscape gave context and understanding to events and lives of their ancestors. 
Hoskin et al. state how “physical landscapes are inseparable from tupuna [ancestors], events, 
occupations and cultural practices”.79 The “cultural landscape” of Māori, like most indigenous 
people, is fundamental to their culture, history and identity. Matthews explains his connection to 
the Whanganui river with the whakatauki (saying) “Ko au te awa, ko te awa ko au” (I am the river. 
The river is me).80 Livingston suggests that even for major religions, such as Hinduism, the “sacred 
geography, unchanged, is central to the religion in all its forms”.81 Groundwater, like all water, is 
a significant part the landscape and in turn, people’s cultural identity, heritage and life. People are 
becoming increasingly disconnected from groundwater and their natural landscapes due to the built 
environment lack of consideration for water, most notably in heavily developed areas like cities.
Despite being one of the most water wealthy countries in the world, the global water crisis is 
impacting groundwater in every major New Zealand city.82 Rising sea levels threaten contaminating 
groundwater sources and costal floodplains like Napier83,84  and Christchurch.85 Additionally, dozens 
of springs and waterways have already disappeared from central cities areas like Auckland86 and 
Wellington.87 Tauranga is one of the fastest growing cities in New Zealand, and with the fifth largest 
population in the country, faces many of the same water related issues.88 In the last century, all of 
the groundwater entities within the city centre and along the Te Papa peninsula have disappeared. Te 
75  Sehnaz Eraslan, “Tethys and Thalassa in Mosaic Art,” Journal of Fine Arts Faculty 22 (2015): 2.
76  Livingston. Steps to Water, 31.
77  Vitruvius, The Ten Books on Architecture, 299.
78  Bruno Marques, Greg Grabasch and Jacqueline Mcintosh, “Fostering Landscape Identity Through Participatory Design With Indigenous 
Cultures of Australia and Aotearoa/New Zealand,” Space and Culture (June 2018): 1-3, https://doi.org/10.1177/1206331218783939
79  Rau Hoskins and the Steering Committee, Te Aranga: Māori Cultural Landscape Strategy, 2nd ed (Auckland, 2008), 1, http://www.
tearanga.Māori.nz/cms/resources/TeArangaStrategy28Apr08_lr.pdf.
80  George Matthews, “The River is Me,” Dir. David Freid (New Zealand: MEL Films, 2018), https://vimeo.com/288119812.
81  Livingston. Steps to Water, 28.
82  “International comparisons,” LAWA: Land, Air, Water, Aotearoa, accessed 13 September, 2019, https://www.lawa.org.nz/explore-data/water-
quantity/water-quantity-national-picture/international-comparisons/.
83  “Dirty water – and how you can get it sorted,” Napier City Council, posted 13 September, 2019, https://www.napier.govt.nz/home/
article/1044/dirty-water-and-how-you-can-get-it-sorted?t=featured&s=1.
84  Laura Wiltshire, “Tale of the taps: How Havelock North turned Napier’s water brown,” New Zealand Hearald, 16 March, 2019, https://
www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=12202937
85  Rob Bell, R. Paulik and S. Wadwha, National and regional risk exposure in low-lying coastal areas: Areal extent, population, buildings and 
infrastructure (Hamilton: NIWA, 2015), 123-124.
86  Felton Mathew,  Plan of the town of Auckland in the island of New-Ulster or Northern Island, New Zealand, 1841 (Auckland: John 
Arrowsmith Lithography, 1842), https://natlib.govt.nz/records/21623743.
87  “Plan of the Town of Wellington, Port Nicholson, 14 August, 1840. The first & principal settlement of the New Zealand Company,” Website 
Archives Online, Wellington City Council, posted 23 September, 2019, https://archivesonline.wcc.govt.nz/nodes/view/103552.
88  Tauragan City Council, Tauranga Statistical Information Report: May 2018, (Tauranaga: Tauranga City Council, 2018), 5.
Papa has a long history of occupation, including Ngamarama89 and later hapu Ngāi Otamarawaho 
and Ngāti Tapu who relied on these springs for freshwater.90 Tauranga Moana tribes were displaced 
from Te Papa c. 1828, during the Musket wars by invading Ngāti Maru tribes.91 In 1835, Rev. Alfred 
Nesbit Brown, of the Church Mission Society, was allowed to live alongside mana whenua as the 
first European settler on Te Papa. During the Land wars the Te Papa Mission Station was used by 
the British Army to establish a military settlement. After the battle of Puakhinahina (Gate Pa) and 
Te Ranga,92 the crown acquired Te Papa for the purpose of military payments and civilian sales.93 
With the exception of one military sketch, no illustration and few accounts were kept regarding the 
original landscape, such as contours, waterways or pa and kainga sites. Literature from late 19th 
and early 20th century is also frequently misleading as early European settlers referred to a well as a 
‘spring’. In 1838, Rev. Brown wrote “digging for water and at last found a very pure spring”.94 The 
seven ‘natural’ springs identified along the Te Papa peninsula as part of this research are all currently 
dormant.
The Anglican Church made a formal apology in May 2018 to tangata whenua95 for historically 
giving the land to the crown against the understanding of the Te Papa land agreements.96 Recent 
events involving the local crown government and confiscated lands, including 11 Mission Street,97,98 
highlight the discord which still persists between Māori and New Zealanders of European 
descendants. Reece suggests that future reconciliation may take form in a built project, like a 
Museum, but acknowledges the design is less important than understanding what it stands on.99 
Stokes explains how “many sites on the Te Papa peninsula and Otumoetai have been obliterated by 
the buildings of the City of Tauranga”.100 This includes civil architectural projects sitting on top of 
spring sources like the Tauranga Police Station, City Library and the Hauraki Museum. As Mikaere 
suggests “Design can be used as a tool to aid development and help achieve great public buildings 
and spaces …that respond to the intrinsic Māori cultural values of the city and region.”101
This research identifies gaps in emerging fields relating to groundwater, the global water crisis 
and “water buildings.” This research investigates how architecture can improve the social value 
of groundwater using a case study method with quantitative and qualitative analyses of existing 
Groundwater-architectural projects. Common traits will be identified and evaluated to determine 
how a civil architectural design can improve public awareness, understanding and perception of 
groundwater. This is a potential solution to inspire greater public support for protecting, restoring and 
enhancing groundwater as well as the natural environment.
89  Evelyn Stokes, Ngamanawa: A Study of the Conflicts in the use of Forest Land (Hamilton: University of Waikato, 1983), 3.
90  S.J.M.  Heldley, Ngati Tapu Histroical report: Wai 546, A1 (2000), 2.
91  Debbie McCauley, The Treaty of Waitangi in Tauranga: Te Tiriti o Waitangi ki Tauranga Moana (Tauranga: Mauao Publishing, 2018), 4.
92  Buddy Mikaere and Cliff Simons, Victory at Gate Pa?: The Battle of Pukehinahina-Gate Pā: 1864, (Auckland: New Holland Publishers, 
2018), 85-125.
93  Evelyn Stokes, A History of Tauranga County, (Palmerston North: Dunmore Press, 1980), 73-86 and 93.
94  Alfred Nesbit Brown, “1838, January, 22nd.-27th.,” in Journal of the Rev. A.N.Brown: Vol 1, (Tauranga: 1835-1836), 19.
95  Anglican Church in Aotearoa, New Zealand and Polynesia, 14 Formal Apology to Ngati Tapu and Ngaitamarawaho of Tauranga Moana 
(Anglican Church in Aotearoa, New Zealand and Polynesia, 2018), 1-3.
96  Vincent O’Malley, The Te Papa Block: A History of the Church Missionary Society and Crown Dealings 1838-1867 (Wai 215) (Wellington: 
Report commissioned by the Crown Forestry Rental Trust, 1996), 93-102.
97  Tauranga City Council, Agenda: Council Meeting: Tuesday, 10 September, (Tauranga: Tauranga City Council, 2019), 45-109. http://
econtent.tauranga.govt.nz/data/bigfiles/committee_meetings/2019/september/agen_council_10sept2019_pt1.pdf
98  Sarah Motion, “Decision rollercoaster: 11 Mission St may go to Māori trust after all,” Bay Of Plenty Times, uploaded 10 September, 2019,  
https://www.nzherald.co.nz/bay-of-plenty-times/news/article.cfm?c_id=1503343&objectid=12266284.
99  Alistair Reese, “Te Papa: Naboth’s Vineyard? Towards Reconciliation in Tauranga Moana: Executive Summary and Recommendations,” 
Centre for Theology and Public Issues (2018), 11.
100  Stokes, A History of Tauranga County, 36.
101  Buddy Mikaere, Tauranga Moana Design Principles for the Heart Of The City (CBD) on Te Papa, Tauranga City: DRAFT, (Tauranga City 
Council, 2019), 2.
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(Fig 5.) The six selected case studies at a 
common scale, by author.
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Case Studies
Introduction
This research uses a “Case Study” method, identifying  qualitative and quantitative data, such as 
programme, materiality and heights, from existing groundwater-architectural projects. The data is 
cross-examined to identify any common traits and evaluated to determine how successfully they 
improve people’s “perception of groundwater”.
The “perception of groundwater” and potential case studies were based on the criteria below…
1) Awareness: Does the design make people aware of the existence of groundwater entities?
2) Understanding: Does the design educate people about the qualities and/or changes (monthly, 
seasonally...etc) of groundwater?
3) Appreciation: Does the design influence an emotional, spiritual or personal connection between 
people and groundwater?
A fair and representative sample of groundwater-architectural projects were selected from the list of 
potential case studies by achieving the greatest diversity from the following criteria…
Location: Geographically and culturally
Time: Dates of completion
Proximity to groundwater: The projects proximity to associated groundwater entity, for 
example, does it cover over a spring like a shelter or dig down into an aquifer like a well?
= + +
Perception of 
Groundwater
1) Awareness 2) Understanding 3) Appreciation
+ +
Perception of 
Groundwater
Location Time
Proximity to 
groundwater
(Fig 6.) Criteria for identifying potential case studies, by author.
(Fig 7.) Criteria for selecting a diverse sample of case studies, by author.
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TE KURA WHARE EL MUSEO DEL AGUA
PUUKENGA
POZZO SACRO DI 
SANTA CRISTINA
CHAND BAORI 
STEPPED POND
OTOWA FALLS
SHADING ABOVE REPRESENT INDICATIVE CONTOURS PRIOR 
TO THE CONSTRUCTION OF EACH CASE STUDY
GSEducationalVersion
PERVIOUSNESS PROGRAMMES
Chand Baori Stepped Pond:
Bathing and washing are the primary
programmes for the stepped pond and have
the longest duration; they are only possible
in the water.
Otowa Falls:
The obvious public programmes are
drinking from the falls and queuing which all
circulate around the pond and falls.
Puukenga:
The spring feeds into a central pool in the
core of the building to which almost every
space opens into. Circulation has the
shortest duration but it is the most
frequently used space
Te Whare Kura:
The design discourages people spending
time near the treatment ponds because of
the poor water quality
El Museo del Agua:
The spring pavilion is locate in the centre of
the courtyard and visitors pass by it to
access the site and two galleries
Chand Baori Stepped Pond:
The well is completely porous feed from the
aquifer below (not rain/surface water) and
the design allows for changing water levels
Pozzo scaro di Santa Cristina:
The well is completely porous feed from the
aquifer below (not rain/surface water) and
the design allows for changing water levels
Puukenga:
The visible spring water is very controlled
internally on non-porous foundations. The
classrooms with a rise timber foundation
are internally perceived as the least
connect with the spring and groundwater
El Museo del Agua:
The Pavilion and exhibits with groundwater
are largely non-porous and allow for
minimal water level variation internally
Otowa Falls:
The shallow pond allows for minimal water
level variation and the later additions are
largely non-porous
pedestrian
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Dry stormwater
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Car parks
Pozzo scaro di Santa Cristina:
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Santa Cristina
Temple
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Unknown
Meru
Town
centre
Harashad Mata
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LANDMARKSALIGNMENT MATERIALS LIGHTING
STONE
"Pukkah" Hindu for hard / pure
STONE
Traditional material
BASALT MASONARY
Finely crafted with lips and no mortar
STONE/BRICKS
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TIMBER
To match the first spring shelter erect in the 18th century
PLASTER
a Subtle, plain finish
CONCRETE
Cheaper modern alternative
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Main Campus
Block
Atea
Te wai unuroa o
Wairaka (stream)
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viewing the lower stream)
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Complex
centre
Stage
Wharenui
Whare kai
Capuchina Spring
(source)
Rio Lajarōn
Town
Centre
Treatment ponds
Ampitheater
Whakatāne
SH2
X
X
Town centre
Common
open space
TIMBER
light platforms, linear framing
CONCRETE
Heavy, easily-shaped pads
STAINLESS
STELL
Strong, sharp with glare
TIMBER
Soft with warm colouring
NATIVE
TIMBER
sustainable local sources,
rigorous specie selection
CLAY
BRICKS
Local earth, simple make
Chand Baori Stepped Pond:
The area south of the well is the most
open/undeveloped side of the site, ensuring
unobstructed sunlight into the northern
pavilion spaces
Otowa Falls:
The current store opposite the falls appears
to have originally been an open shelter and
viewing point over the lower spring stream
Pozzo scaro di Santa Cristina:
The well stairs are aligned to the sun's
winter solstice angle and requires a clear
path, but village appears to have been
designed to allow clear channels to the
front and both sides of the well's centre.
Puukenga:
The building's second (formal) entrance
faces on to the marae's atea
Te Whare Kura:
The north end of the building faces on to a
large atea / amphitheatre space
Pozzo scaro di Santa Cristina:
The well doesn't face into the common
open space, doing so would likely obstruct
its view shafts, but the rest of the village
huts do collectively face inwards
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THE HIEGHT OF THE SPACE
Otowa Falls:
The candles at the back of the shrine emit a
warm glow in the dark space
Pozzo scaro di Santa Cristina:
During a lunar solstice a small shaft of
lightwell reflect off the surface of the pool
Puukenga:
The building's second (formal) entrance
faces on to the marae's atea
El Museo del Agua:
The pavilion uses the gaps and opening of
the pool to reflect the intracity light patterns
El Museo del Agua:
Aligned with existing structures
Te Whare Kura
Alignment in section is base on sun path to
optimise solar panels
Puukenga:
No obvious alignment in section/elevation
Chand Baori Stepped Pond:
In Hindu hard robust materials like stone
are consider sacred and pure
Otowa Falls:
Otowa falls uses stone (or concrete) for
everything except the sacred spring shelter
constructed using timber
Pozzo scaro di Santa Cristina:
The well is entirely constructed of finely
crafted basalt rock. The rock won't warp or
rot like timber which could make solar/lunar
readings impossible
Puukenga:
Design has two approaches, one using hard
light materials, the other soft heavy
materials, both equally significant.
Te Whare Kura:
Primarily uses timber from felled trees from
the Uruwera forest rivers or sustainable iwi
owned forests.
DURATION + FREQUENCY:
OPTIMSING TIME WITH WATER
COMPLETELY
POROUS
DESIGNED TO WORK WITH
GROUNDWATER
LARGELY
NON-POROUS
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GROUNDWATER
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(Fig 8.) Matrix of case studies 
quantitative and qualitative 
analyses, by author.
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GSEducationalVersion
Cliff was retained
back to form a
terrace
17th century
painting show the
original design
only included a
shelter, three
channels and
pond
Cliff retained back
further to create a
walkway under
the falls
Further retention
to include a
covered shrine
Completed date
unknown
Current17th Century
8th Century 18th Century
The upper floors
were refurbished
and the arcade
was added by the
Mughals to create
a private palace
The pavilions and
shrines were
lastly added
The perimeter
and orientation
would have been
set before dig
commenced
Stepped ponds
required more
earth works than
a step well but
could support
itself with angled
banks
Once the well had
reached the
aquifer the banks
were terraced
using finely
crafted stone
masonry
The three large
platforms
represent the
three baskets of
knowledge and
hold all 4
classroom spaces
The curved core
contrasts the
rectilinear
platforms,
representing both
male and female
sides
The platforms are extruded up, while the core sits
into the hillside, potential connotations to Ranginui
(Sky Father) and Papatūānuku (Earth Mother
An asymmetrical
gable roof is used
to adjoin all the
spaces
1993
The site was dug
with angled banks
until the aquifer
was reached
The well was
centred and set
into a small
cylindrical trough
and the first step
was used to set
the well's
orientation
The site was slowly
filled with the well and
stairway being retained
using crafted stone. A
large stone lintel was
used to start separating
the stair and well
spaces
The well was capped
with a small skylight for
lunar readings and the
stairway completed
11th Century BC
The site was
levelled to form
suitable building
platforms
Historically the
site was occupied
a watermills
18th Century
The existing
buildings became
neglected with
mainly the stone
and brick walls
remaining
The existing structures were repaired where possible with a
new structure to connect them forming a courtyard with a new
spring pavilion reflective of the original shelter that first
covered the spring
Case Studies
Six groundwater-architectural projects were selected for detailed qualitative and quantitative 
analyses. Site plans, floor plans, sections, 3D/4D models (construction phases) and visualisations 
were produced for each case study and used to investigate a diverse range of architectural quantities 
and qualities, such as those recorded in listed below.
Materiality Construction Lighting Orientation (Climate)
Alignment Programme Circulation Zoning and Planning
Elevations Spaces Porosity Site Access
Colour Pallets Acoustics Temperature Ornamentation
Proximity to 
groundwater
Orientation 
(Landmarks)
Public vs Private 
spaces
Alterations/ 
renovations
Following, are synopses of each case study, including information about the associated the most 
prominent traits and how they relate to the social value of groundwater.
(Fig 9.) Analyses of case studies construction and key phases, by author.
Chand Baori Stepped Pond
Rajastan, India, Asia (Completed: 8th century AD, major renovations: 15th century AD)
As architectural professor, Morna Livingston, explains “No regular system for naming water 
buildings exists,” but unlike most “baori,” meaning stepwell in Hindu, Chand Baori is regarded as 
a stepped pond.102 Stepped ponds like Chand Baori are typically have a square footprint with three 
terraced sides and one pavilions on the northern most side. Below the pavilions, in the centre of the 
stepped pond is a well that enables people to access groundwater from the local aquifer(s). Chand 
Baori is the largest stepped pond in India103 and was originally constructed near Harshat Mata, a 
Hindu temple, so pilgrims could wash before visiting and provide public access to water all year 
round.104 In the eighteenth century, the invading Muslim Mugahls converted the stepped pond into a 
private palace renovating the upper pavilions and adding arcades.105 These later renovations do not 
reflect the original intention of the Hindus, to celebrate water and thus, have not been considered in 
this research.
Chand Baori is set out in plan and section using an eight by eight grid or sacred mandala.106 Hindu 
and Buddhist architecture use mandala to illustrate their understanding of the universe with the 
centre or central modules as the most sacred points. The centre of Chand Baori in plan is the well, 
but in section it is below the base of the well. The number eight is repeated throughout the design 
in the flight of stairs, alignment of shrines and the number of terraces, to which there 6.5 couplets 
constructed to the well base and eight to the centre of the mandala below the well.107 The height of 
the terraces, stairs, shrines and pavilions were all determined by the groundwater level in relation to 
the site level. Aligning and centring the design below the well, also reinforces the idea of a “tirtha,” 
Hindu for a watering hole or threshold between earth and heaven, and suggests to visitors the 
existence of something significant below the surface of the water.108
102  Livingston. Steps to Water, xxi.
103  “Chand Baori,” Chand Baori, accessed 20 September, 2019, http://www.chandbaori.org/.
104  Akshat Chadha, “Chand Baori – Hidden wonder of Rajasthan,” Go UNSECO, posted 13 June, 2016, https://www.gounesco.com/chand-
baori-hidden-wonder-of-rajasthan/
105  Livingston. Steps to Water, 38-39.
106  Livingston. Steps to Water, 41.
107  Livingston. Steps to Water, 41-42.
108  Livingston. Steps to Water, 7.
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(Fig 11.) Photo of Chand Baori Stepped Pond.
(Fig 10.) Section and Plan of Chand Baori 
Stepped Pond (1:200 @ A4),by author. 
Based on drawing by Morna Livingston 
and Michael McCabe, “Plan and section, 
Abhaneri.”
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Otowa Falls, Kiyomizu-dera
Kyoto, Japan, Asia (Completed: 778AD)
Otowa Falls features a sheltered mountain spring with a covered shrine below. The shrine supports 
three raised water channels from the spring shelter to a lower pond in front of the shrine. A monk 
named Kenshin discovered this spring after being told in a dream to “go north and find a crystal 
spring”.109 Kenshin meet an old man waiting for him at the spring. The old man instructed him to 
carve a sacred tree into a sculpture of the “thousand-armed Kannon” and then disappear.110 Kenshin 
realised the old man had been the reincarnation of the deity Kannon. Since then, a Buddhist complex 
has developed around the spring and adorned the name, Kiyomizu-dera, meaning “pure water”.111 
Visitors to the spring now line up with cups to drink from the three waterfalls which are believed to 
bring wisdom (left), long life (centre) and new love or “successful matchmaking” (right).112
Otowa Falls is constructed of plain, grey stone, with later developments in concrete, which was 
aesthetically similar, but cheaper to source and construct.113 The small shelter covering the spring 
source, above the public spaces, is constructed of timber with a bright red finish. The source of a 
spring typically has the purest water and therefore, is frequently regarded as the most sacred place or 
point of these groundwater entities. Otowa Falls uses materials with contrasting colours, durability 
and weight to distinguish between the common public areas and the private space around the sacred 
spring source. The connection between sacred and fragile materials, like the timber of the spring 
shelter, also resonates with Te Ao Māori (Māori world view) and Māori based designs like Puukenga 
and Te Kura Whare.114 In contrast, the opposite is seen in case studies like Santa Cristina and Chand 
Baori, constructed entirely of stone. Hindu architecture like Chand Baori typically use hard and 
durable materials referred to as “pukkah” in Hindu, which also means pure and sacred.115
109  “Kannon Reigo: Why this temple is sacred,” Learn, Kiyomizu-dera Temple, accessed 24 September, 2019, https://www.kiyomizudera.or.jp/
en/learn/
110  Kiyomizu-dera Temple, “Kannon Reigo.”
111  Kiyomizu-dera Temple, “Kannon Reigo.”
112  Yusuke Shimizu, “Kiyomizu Temple: Otowa Falls,” The Kyoto Project, posted 12 April, 2004, http://thekyotoproject.org/english/kiyomizu-
temple/
113  Unknown, Kiyomizu-dera Temple, 17th Century, Colour and gold on paper, 152 x 363 mm, MOA Museum of Art. 
114  Ranginui Walker, Ka Whawhai Tona Matou: Struggle Without End (Auckland: the Penguin Group, 1990), 23.
115  Livingston. Steps to Water, 9.
(Fig 13.) Photo of Otowa Fall.
(Fig 12.) Section and plan of Otowa Falls.
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Sacro Prozzo di Santa Cristina (Sacred well of Saint Cristina)
Paulilatino, Sardina, Europe (Completed: 11th century BC)
The deepest space is an underground well with a circular shallow pool, curved walls that bend 
inwards up to a small light-well and a flight of stairs that widen out.116 Several low stone walls are all 
that remain of the structure above ground and little is known about the original roof design.117 The 
Nuragic civilization are most known for the ‘water cults’ that are believed to have constructed wells 
like this as a freshwater source, observatory and space for ritual practices.118
The stairway down to the well was aligned with the solar equinox, during which the space was 
flooded with light.119 During the summer, sunlight would not reach the groundwater, but could 
be measured using the flight of steps and vice versa during the winter, using the matching “stair” 
ceiling above. The skylight above the well was used for observing the Moon, particularly lunar nodal 
precessions (an 18.6 year cycle).120 Moonlight would illuminate the curved walls of the well and 
could be measured using the continuous lines of masonry crafted with the top edges sitting proud 
of the row above. Moonlight would be intensified on the ‘lips’ of the masonry, which were angled 
perpendicularly to the Moonlight.121 During the peak of a lunar nodal precession, when the Moon 
was highest in the sky, Moonlight would reach the groundwater at the bottom of the well. The still 
groundwater, acting as natural mirror was able to reflect the Moonlight with an intensify significantly 
greater than the ‘lips’ of the stone masonry. The design was a record of the Nuragic tribe’s 
observations and with groundwater, they were able to anticipate and mark significant astronomical 
events. These events feed into the tribes calendar and would have enabled them to plan when to plant 
and harvest in relation to seasonal and groundwater conditions.
116  Sorin Hermon, Anna Depalmas, Maria Dolores Vico Lopez and Isabella Atzeni, “A 3D approach to the archaeological study of the built 
remains at the Santa Cristina well sanctuary, Sardinia, Italy,” Digital Applications in Archaeology and Cultural Heritage 6 (2017): 4-9, 
https://doi.org/10.1016/j.daach.2017.08.002.
117  “Santa Cristina di Paulilatino,” Sketchfab, Teravista, published 2016, https://sketchfab.com/3d-models/santa-cristina-di-paulilatino-or-94c11
138257f46b4a1be58de651764b8.
118  Lebeuf, “Nuraghic Well of Santa Cristina,” 155.
119  Lebeuf, “Nuraghic Well of Santa Cristina,” 155.
120  Lebeuf, “Nuraghic Well of Santa Cristina,” 156.
121  Lebeuf, “Nuraghic Well of Santa Cristina,” 159.
(Fig 15.) Photo of sacro pozzo di Santa Crstina.
(Fig 14.) Section and plan of Santa Cristina.
(Fig 16.) Section and plan of Puukenga. 21
Puukenga, Te Noho Kotahitanga Marae
Auckland, New Zealand, Pacific – Tamaki Makaurau, Aotearoa, Moananui o Kiwa (Completed: 
1993)
Puukenga was designed by Māori architect, Rewi Thompson, as the first building of Te Noho 
Kotahitanga marae in association with Unitec Institute of Technology.122 A stream flows from the 
main entrance into the central core of Puukenga, drawing from the nearby Te Puna o Wairaka or 
“spring of Wairaka”.123 As the first marae building, Puukenga needed to include a wide range of 
programmes including Māori language and cultural studies, administration offices and large gathering 
and ritual spaces.124
Puukenga in Māori means “repository of knowledge” and the design incorporates numerous stories 
from Te Ao Māori (Māori world view). Ceiling lights and the tahuhu (ridge beam) representing stars 
from the northern and southern hemispheres and rooms named after periods in Māori cosmology like 
Te Timatanga and Te Ao Marama.  
Thompson organises Puukenga into two zones, representing a male and female side. Margaret Orbell 
explains “the identification of the sky with males and Earth with females, provided the Māori with 
a way of aligning the duality seen in the human race – with the dualities they perceived in their 
natural environment”.125 Thompson uses this duality of gender to layer Puukenga with information 
and connections.126 The external classrooms representing the male side are rectilinear in form, clad 
with galvanised steel and raised on pile foundations connecting to Ranginui (Sky Father). The central 
space representing the female side is curved in form, clad in soft timber with a heavy slab foundation 
connecting to Papatūānuku (Earth Mother). This space also contains the spring, Te Puna o Wairaka, 
that streams down a koru floor pattern. Both the spring and the koru symbolise fertility and new 
life.127 The stream flows into a small pond with pou (post) its centre with Hine (women) carved into 
the base representing connection between mothers and birth with Papatūānuku (Earth Mother).128
122  “Te Noho Kotahitanga Marae,” Unitec Institute of Technology, accessed 24 Sept, 2019, https://www.unitec.ac.nz/maori/who-we-are/te-noho-
kotahitanga-marae.
123  Ella and Paniora, Puukenga, 1.
124  Unitec Institute of Technology, “Te Noho Kotahitanga Marae.”
125  Margaret Orbell, The Natural World of the Māori, 1st ed. (Auckland: David Bateman, 1985), 39.
126  Stefan Salazar, “Healing by Architecture: Final Design Thesis,” (Master’s Thesis: Victoria University of Wellington, 2009), 15-16.
127  Ella and Paniora, Puukenga, 1.
128  Ella and Paniora, Puukenga, 1.
(Fig 17.) Photo of the reception inside Puukenga, photographed by author.
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El Museo del Agua
Lanjarón, Granda, Spain, Europe (Completed: 2009)
El Museo del Agua or “The Museum of Water,” is located near the source of the Capuchina spring, 
which feeds the ponds of the pavilion, courtyard and exhibitions.129 Architect Juan, Domingo Santos 
based the main building on remaining structures, remnant of the historic water mill, and exposed 
them alongside exhibitions that detail the history of the site.130 The new pavilion was inspired by an 
earlier timber shelter that used to cover the nearby spring source.131 The design and exhibitions focus 
on the history of the site and use still groundwater to enhance them.132
The pavilion is located at the centre of the site, in the middle of an internal courtyard encompassed 
by the main building.133 It is the highest space in the museum and the reflection pond inside acting 
as a ‘natural mirror’ creates an illusion that doubles that height.134 A high, central, internal space 
associated with groundwater is a common trait across these case studies. These easily identifiable 
qualities draw the focus of visitors to groundwater sources and reinforce their significance by giving 
them hierarchy in the largest space of the design. 
The pavilion in The Water Museum is the highest point or elevation in the project, but in most 
cases, like Santa Cristina, Otowa Falls and Chand Baori, this is not the case. This research defines 
Groundwater-architecture by a designs connection to a spring, which typically form on steep terrains 
or an aquifer, frequently requiring people to dig to great depths at shear angles to access them. It is 
therefore unusual and impractical for a central space enclosing a groundwater source, typically the 
lowest point on a steep site, to also be the highest point in a design.
129  Catherine Slessor, “Water Museum by Juan Domingo Santos, Lanjarón, Spain,” The Architectural Review, Posted 14 May, 2010, https://
www.architectural-review.com/today/water-museum-by-juan-domingo-santos-lanjarn-spain/5217755.article
130  “Water Museum / Juan Domingo Santos,” ArchDaily, posted 17 August, 2011, <https://www.archdaily.com/160456/water-museum-juan-
domingo-santos/> ISSN 0719-8884
131  Marcia Argyriades, “The Water Museum by Juan Domingo Santos,” Yatzer, posted 5 October, 2011, https://www.yatzer.com/The-Water-
Museum-by-Juan-Domingo-Santos-in-Lanjaron-Granada
132  Slessor, “Water Museum.”
133  Slessor, “Water Museum.”
134  Argyriades “The Water Museum.”
(Fig 19.) Photo of El Museo del Agua.
(Fig 18.) Section and plan of El Museo del Agua.
(Fig 20.) Section and plan of Te Kura Whare. 25
Te Kura Whare
Tāneatua, New Zealand, Pacific – Tāneatua, Aotearoa, Te Moananui a Kiwa (Completed: 2014)
Te Kura Whare includes a large stormwater pond, wastewater treatment ponds and a dispersal field 
where treated water soaks back into the whenua (land). Jasmax and Ngāi Tūhoe intended for Te Kura 
Whare and the site to work as one system that could source and manage all water on site without 
impacting or burdening land elsewhere.135 Te Kura Whare is the iwi’s first major infrastructure project 
after settlement with the crown government in 2014, and like Puukenga, needed to accommodate 
a variety of programmes.136 This included offices, tribal chambers, a café, commercial kitchens, a 
library and a wharepuri to hold taonga (treasures).137
Te Kura Whare is a unique example of groundwater-architecture that addresses groundwater as an 
integral part of the greater water cycle, as opposed to simply appreciating it as a water source. Ngāi 
Tūhoe decided to engage with the Living Building Challenge (LBC) because its high environmental 
standards reflected kaupapa (ambitions/purpose) of this project.138 The LBC ‘ecological water flow 
imperative’ outlines the need for wastewater to be treated to such a high standard that it was suitable 
for drinking again.139 Like most cultures, consuming treated wastewater or water that has passed 
through someone did not reflect the iwi’s tikanga (customs/beliefs). Understanding of the natural 
water cycles informed the decision to release this treated water back to the land as groundwater. 
The design of Te Kura Whare is not centred, orientated, or aligned with the ponds or dispersal fields 
because they are not freshwater sources like the other case studies.
135  Sarah Grohnert, Alexander Behse, Prisca Bouchet and Ngāi Tūhoe, Ever the land, Dir. Sarah Grohnert, (New Zealand: Monsoon Pictures 
International, 2015).
136  New Zealand Government, Ngāi Tūhoe Deed of Settlement Summary 4 Jun 2013, (Wellington: New Zealand Government, 2013), 1-4.
137  “Te Kura Whare,” Jasmax, accessed 24 September, 2019, https://www.jasmax.com/work/te-kura-whare/sectors/cultural-and-civic/1152
138  “The Living Building Challenge,” Te Kura Whare, Tūhoe, accessed 18 September, 2018, http://www.ngaituhoe.iwi.nz/sustainability-and-
the-living-building-challenge.
139  “Te Whare Kura,” International Living Future Institute, accessed 24 September, 2019, https://living-future.org/lbc/case-studies/te-kura-
whare/.
(Fig 21.) Photo of Te Kura Whare, phorographed by author.
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Qualitative and Quantitative Analysis
The quantities and qualities from these six case studies were cross examined to identify any common 
traits. They were then evaluated to determine how and how successfully they contribute to improving 
the social value of groundwater. The three most successful traits are illustrated in the following 
pages.
Central position of groundwater
In the case studies when groundwater is used as a primary freshwater 
supply for integral to domestic, aesthetic or ritual activities, it is 
commonly situated in the centre of the building. Aforementioned 
case studies position groundwater in the middle of what is frequently 
the tallest space. This central position draws the focus of occupants 
into the heart of the space and towards groundwater reinforces its 
significance to visitors.
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Santa Cristina El Museo del Agua Te Kura Whare
Chand Baori Stepped Pond Otowa Falls Puukenga
Chand Baori Otowa Falls Puukenga Santa Cristina El Museo del Agua Te Kura Whare
(Fig 22.)  Plans and sections of all six case studies, by author.
(Fig 23.) Location of groundwater in the selected case studies, by author.
Chand Baori Stepped Pond Puukenga
(Fig 24.) Analyses of groundwater locations in Chand Baori and Puukenga, by author.
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Standardisation
The case studies highlighted here, make use of a standardised ‘building 
block’ like a piece of LegoTM. The size or measurement of these blocks 
relate to the ground and groundwater level of the respective site. The 
difference between these two levels are divided evenly, often by a 
number with significance to the designers. These division determine the 
size of the ‘building block’ or standard units of measure. These ‘building 
blocks’ represent the connection between the site and visitor above with 
the groundwater beneath them. The repetition of this unit throughout the 
design again reinforces the significance of groundwater to visitors.
Major perpendicular axes
The highlighted case studies align, rotate and translate simple geometry 
around three perpendicular axes (x,y,z). The origin or intersection of 
these axes are used to enhance a space, ritual or the source of water 
underground. The axes are also used to align or orientate building 
elements, openings and patterns to the all-important groundwater. These 
reoccurring connections, linking back to groundwater, reinforce its 
significance to visitors. Setting the origin of the axes underground also 
connects visitors with the source of water beneath them and helps to 
improve their understanding of groundwater.
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Z
Z
90°
90°
90°
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Y
Y
X X
Y
Y
X
X
Z
X
X
Z
X
ZChand Baori
Pozzo sacro di Santa Cristina
(8)
(8)
Groundwater 
level (6.5)
Groundwater level
Chand Baori Otowa Falls Puukenga Santa Cristina El Museo del Agua Te Kura WhareChand Baori Otowa Falls Puukenga Santa Cristina El Museo del Agua Te Kura Whare
(Fig 25.) Alignments in the selected case studies, by author.
(Fig 26.) Analyses of major axes in Chand Baori and pozzo sacro di Santa Cristina, by author.
(Fig 27.) Orders and standardisation in the selected case studies, by author.
(Fig 28.) Analyses of orders in Chand Baori and pozzo sacro di Santa Cristina, by author
Chand Baori Pozzo sacro di Santa Christina
28
(Fig 1.) Render of inside the Observatory, by author.
“Water is the life of all things, in conjunction with the sun and stars.”
- Another old sage
From; Elsdon Best, The Astronomical Knowledge of the Māori, pg77
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A Spring Observatory
(Fig 29.) Henry James, 
Military sketch of Tauranga, 
1864, Tauranga City Library.
Completed by Colonel Sir Henry James 
during the establishment of the military 
settlement on Te Papa peninsular during the 
New Zealand Land Wars. Tauranga City 
Centre
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Site
Tauranga City
The most prominent freshwater sources 
along Te Papa peninsula (Tauranga City 
centre) are ngā puna, the springs.140 This 
research has identified at least seven springs 
along Te Papa peninsula. All of the springs 
are currently dormant, attributed to city 
developments such as levelling of the 
landscape, impervious surfaces and buildings 
being built over them.141 Civil buildings like 
the Tauranga City Library, Police Station and 
the Hauraki Museum (opposite Memorial 
Park), have dormant spring sources adjacent 
or underneath them. The most sacred part 
of a spring is typically the source, therefore 
the site will be selected based on one of the 
historic spring sources.142 The geography 
of Te Papa, being a long thin peninsula, 
also suggests that most of these springs 
rely on localised aquifers close by.143 These 
groundwater sources could potentially be 
restored by addressing issues like ‘heat island 
effects’ and ‘groundwater reach charge’, 
associated with city developments.144
140  Stokes, A History of Tauranga County, 423.
141  Stokes, A History of Tauranga County, 36.
142  Mann, Sacred Architecture, 55.
143  “Mapi: Tauranga City,” Tauranga City Council, accessed 
20 September, 2019, https://mapi.tauranga.govt.nz/Html5/
index.html?viewer=Mapi
144  Hoyer, Dickhaut, Kronawitter and Weber, Water Sensitive 
Urban Design, 10-11.
Imagery ©2019 Google, TerraMetrics, Data SIO, NOAA, U.S. Navy, NGA, GEBCO, Imagery ©2019 Bay of Plenty TA's, CNES / Airbus, Landsat / Copernicus, Maxar Technologies, Planet.com, Waikato District Council, Map data ©2019 500 m 
(Fig 30.) 2019 Aerial of Te Papa with the historic 
coast line marked idicatively.
(Fig 31.) Key landmarks, streets, 
projects and proposals close to 
the proposed site, by author.
maps and illustrations of the internal landscape of Te Papa before it was significantly altered by the 
city. Existing literature was also ambiguous and misleading as early settlers writing about a ‘spring’ 
were typically referring to a manmade ‘well’ or ‘pump’.153 
The site selected was based on a military sketch from 1864 (during the land wars) and is the earliest 
complete illustration of Te Papa peninsula that include feature of the internal landscape.154 This 
included several springs and was used to identify the source of the ‘Spring Street spring’. An article 
on the “Spring Street Brewery” by the Tauranga Historical Society included in the closing notes “at 
one time water was available in a line from Elizabeth Street” and identified two separate springs 
meeting on Spring Street.155 This matched kōrero (accounts) from mana whenua that suggested 
the source of the ‘Spring Street spring’ was further west along Spring Street and not south as was 
originally determined. The selected site is not at the source of the Spring Street spring, but another, to 
which no name has been identified during this research.
153  Brown, “1838, January, 22nd-27th,” 19.
154  Henry James, Military sketch of Tauranga, (Lithographed at the Topographical Depot of the War Office, 1864), Tauranga City Library, 
drawer E, folder 5, 33001000321314.
155  D.S. Mitchell, “Breweries Tauranga,” The Journal of the Tauranga Historical Society 54 (August-September, 1975): 12.
Site Selection
The only remaining reference to the existence of these historic springs in the city centre is a street 
named “Spring Street”.145 The ‘Spring Street spring’ is important to the cultural landscape146 of hapu 
(sub-tribes); Ngāi Tamarawaho and Ngāti Tapu, who claim mana whenua to Te Papa.147 It was also 
used by European settlers148,149 up until the early 20th century,150 but fell dormant around the early 20th 
century with the installation of the city’s first centralised freshwater infrastructure.151 The most sacred 
point of a spring is typically its source.152 Therefore, this research intended on situating the design 
at the source of the Spring Street spring, initially believing it to be the only spring in Tauranga City 
centre. Determining the location of the springs and sources was difficult due to the limited number of 
145  Tauranga City Council, Tauranga 1882-1982, ed. A.C.Bellamy, 1st ed. (Tauranga: Publicity Printing Limited, 1982), 64. 
146  Mikaere, Tauranga Moana Design Principles, 11.
147  Heldley, Ngati Tapu Histroical report, 2.
148  Unknown, “Untitled,” Bay of Plenty Times, 7 September, 1872, 3, https://paperspast.natlib.govt.nz/newspapers/BOPT18720907.2.9
149  W.J. Richardson, Tauranga’s Water Supply System, (Tauranga: Tauranga City Council, 1987), 1-2.
150  Stokes, A History of Tauranga County, 288.
151  Stokes, A History of Tauranga County, 292.
152  Mann, Sacred Architecture, 55.
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Analysis
The site is located inside the city block between Durham and Grey Street and just north of Elizabeth 
Street.156 The site is also situated on the corner of the education and commercial precincts.157 
Additionally, it is located in close proximity to a number of civil organisations including the Bay of 
Plenty Regional Council offices, St Mary Immaculate Church and Brian Watkins House (museum/
historical landmark).158 The Durham Street upgrade, in conjunction with the recently completed 
University of Waikato Tauranga City campus, includes shared spaces and increases the area of 
green space within the central city.159 Tauranga City Council has also proposed to upgrade Elizabeth 
Street into a “Green Corridor”160 in conjunction with the new Farmers development currently under 
construction and opposite the site.161 The proposal hopes to increase the planted landscape space 
with potential to improve local groundwater recharge, as over 97% of the nearby area is currently 
impervious.162 The scheme also aims to improve pedestrian and cycle access into the central city, 
to which a civil project on this site could benefit and support.163 A restored spring could potentially 
extend this proposed “Green Corridor” down the ‘fine spaces’ between Grey and Durham Street as 
well as incorporate a significant landmark into the scheme and back into city.
156  Tauranga City Council, “Mapi.”
157  Tauranga City Council, Tauranga City Centre Spatial Framework 2017: A Living Document; Section 2: Heart of the City, Tauranga: 
Tauranga City Council, 2017), 18-21.
158  “Brain-Watkins House,” Heritage New Zealand: Pouhere Taonga, accessed 23 September, 2019, https://www.heritage.org.nz/the-list/
details/791
159  Tauranga City Council, Tauranga City Centre Spatial Framework 2017, 47-49.
160  Tauranga City Council, Tauranga City Centre Spatial Framework 2017, 47-49.
161  “‘Mixed views’ on the $20.4m Elizabeth Street plans,” The Weekend Sun, printed 9 August, 2019..
162  Tauranga City Council, “Mapi.” 
163  Tauranga City Council, Tauranga City Centre Spatial Framework 2017, 47-49.
(Fig 32.) Te Papa peninsula plan and location plan, by author. (Left)
(Fig 33.) Photo looking 
north over the proposed site, 
photographed by author.
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Restrictions
The site is currently almost completely impervious. An unnamed road/thoroughfare through the 
middle of the city block with a cluster of private carparks and buildings around the spring source. 
Most of the buildings here were constructed in the early 1970’s and are, for the most part, two 
stories.164 The top floor opening out on to the adjacent streets and the lower/basement floor facing 
inwards on to the carpark. To facilitate the restoration of the spring, the carparks and buildings will 
need to be removed. The long term restrictions to groundwater recharge attributed to the centralised 
stormwater system, impervious surfaces around the city and the associated ‘heat island effects’, mean 
that current groundwater levels are likely to be severely depleted.165 The geotechnical reports from 
nearby projects suggest that current groundwater levels near the site are approximately three metres 
above sea level (two metres below the current site level). 
Even if groundwater levels are improved and the spring is restored, there is also a significant risk that 
the water will be contaminated. When groundwater recharge and cycles are restricted near coastal 
areas, ocean water can leach upwards, making the soils and groundwater saline.166 Furthermore, the 
site is near several domestic waste pits, like the one at Brain Watkins House, as well as municipal 
landfills at the end of Elizabeth Street.167 Landfills contribute to the pollution of nearby groundwater 
sources.168 The poor quality of groundwater in the city could pose health risks to visitors, if the design 
intends for people to use or come into direct contact with it.
164  Crown, Aerial of Tauranga City centre, 1979, aerial photograph, SN5299,  Retrolens: Historical Image Resource.
165  Koop and Leeuwen, “The challenges of water,” 7.
166  Bricker, Banks, Galik, Tapete and Jones, “Accounting for groundwater in future city visions,” 618-630.
167  “Old landfill risks aired,” The Weekend Sun, posted 6 September, 2019, https://www.theweekendsun.co.nz/news/7120-old-landfill-risks-
aired.html.
168  Paul A. Bouis, Groundwater and Surface Water Pollution, ed. David H.F. Liu and Bela G. Liptak (New York: Lewis Publishers, 1999), 48.SPRING SOURCE
Fig. 123.3 Plan of the well at Santa Cristina (After Lebeuf 2011, p. 205, Figure 141)
1418 A. Lebeuf
(Fig 34.) Drawings of pozzo 
sacro di Santa Cristina, by 
Arnold Lebeuf.
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Concept
Programmes identified from the sample of case studies that do not require people to touch 
groundwater are generally used to enhance aesthetic or atmospheric qualities or ritual practices. In 
El Museo Del Agua reflection ponds are used to enhance the aesthetic qualities of exhibits169 and in 
Puukenga the stream contributes to the atmospheric qualities of the calming, meditative spaces.170 
In Chand Baori shrines are orientated and located in reference to the groundwater to enhance ritual 
practice and beliefs.171 The most complex programme was identified in Sacro Pozzo di Santa Cristina, 
where groundwater was used to anticipate and observe astronomical events.172 Architectural elements 
like the skylight, stairs, ceiling and walls are all aligned with the paths of the Sun and Moon. 
Groundwater at the base of the well was used to intensify Moon- and Sun-light to mark significant 
astronomical events in the Nuragic calendar. Elsdon Best identified similar connections between the 
Moon and groundwater in several indigenous lunar calendars like those from Hawaii, Tahiti, Moriori, 
Mangareva and the Marquesas Islands.173 
In New Zealand the dominant measure of time is the Georgian calendar, introduced by European 
settlers, which is based on a solar year.174 Before this was introduce indigenous tribes measured time 
using maramataka, the Māori lunar calendar. These lunar calendars varied between tribes, as each 
related specifically to the landscape, climate and history of each rohe (territory/area).175 Both the 
Moon and the Sun have a significant effect on groundwater levels, similar to the pull of the ocean 
tides. Tāwhai explains how Māori were particularly aware of this effect, using it to determine when 
groundwaters were highest and therefore, when it was the best time to plant crops.176 There are also 
accounts of Māori using still springs as natural telescopes to better observe the night sky, particularly 
ngā whetū (stars). A ‘Spring Observatory’ would facilitate the same practices and ideas to improve 
public awareness, understanding and appreciation of groundwater. Observing is also a programme 
that doesn’t require the public to touch the spring, keeping both safe until the city’s groundwater 
is completely restored. An observatory also has the potential to host large events and serve a high 
volume visitors, which is fundamental when outreaching to a growing city population.
169  Slessor, “Water Museum.”
170  Ella and Paniora, Puukenga, 1
171  Livingston, Steps to Water, 39.
172  Lebeuf, “Nuraghic Well of Santa Cristina,” 1413-1419.
173  Best, “The Māori Division of Time,” 28-43.
174  Gordon Moyer, “The Gregorian Calendar,” Scientific American 246, no. 5 (1982): 144, http://www.jstor.org/stable/24966597.
175  Best, “The Māori Division of Time,” 18-21.
176  Wiremu, Living by the Moon, 21.
(Fig 35.) Diagram of the steps of 
the design process, by author.
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Design Process
Common traits: Centring, Aligning and Standardising
The design process began by drawing from the common traits identified in the “Qualitative and 
Quantitative Analysis” section. The central focus of the design was determined by the approximate 
location of the chosen spring source. Major axes were used to determine a precise centre. The first 
axis (x) was centred and aligned with the unnamed street running through the site and city block, 
which will serve as  northern view shaft for the observatory.
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Z
90°
90°
90°
(Fig 36.) Common traits icons; centring, aligning and standardising, by author.
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Y
Imagery ©2019 Google, Imagery ©2019 Bay of Plenty TA's, CNES / Airbus, Landsat / Copernicus, Maxar Technologies, Planet.com, Waikato District Council, Map data ©2019 500 m 
(Fig 37.) Plan illustrating how 
major axis “Y” aligns the design 
with Motuopae.
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A second perpendicular axis (y) around the spring source was found to align with the peak of 
Motuopae, an island in the adjacent Kōpūrererua estuary and the urupā (cemetery) of Ngāi 
Tamarawaho.177 Aligning the spring with the tupuna (ancestors) of mana whenua reinforces the  
connections both have to the hapu’s identity and history. Easily identifiable landmarks like islands 
and mountains were also regularly used by Māori, particularly fishermen, to navigate and orientate 
themselves along the coasts.178 Similarly, people on the peak of Mauao (Mount Maunganui) or in the 
Kōpūrererua estuary can use Motuopae and either Mauao or a midday sun to locate the spring source.
177  Evelyn Stokes, Stories of Tauranga Moana (Hamilton: Centre for Maori studies and Research - University of Waikato, 2010), 15-17.
178  Waitangi Tribunal, Muriwhenua fishing report: Waitangi Tribunal report 1988 (Wai 22) (Wellington: GP Publications, 1988), 20-22.
(Fig 38.) View along Elizabeth Street with Motuopae and the proposed site, photogrpahed by author
ELIZABETH ST
PEAK OF 
MOTUOPAE
X
Y
X
Y
PEAK OF 
MOTUOPAE
ELIZABETH 
STREET
GSEducationalVersion
2,
20
0
-6,150 (LAT)
-3,950 (HAT)
-6,100
(MSL NZ)
-5,000
(MSL Tauranga)
(MAT)
-5,050
(Assumed spring
source level)
-650
73
3
3
1.
5
6
±0 (existing site level)
+3,500 (avg. street level)
(Fig 39.) Section of the site 
illustrating the assumed 
elevations of the spring source 
and origin of major axes, by 
author.
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The third, vertical perpendicular axis in case studies like Chand Baori and Sacro Pozzo was 
determined by the groundwater level. There is no open-source information available regarding 
the current or original elevation of the spring source in this design. Significant alteration to the 
original contours for street and private developments render it difficult to even estimate. This design 
has therefore used known water elevations such as local sea levels, to determine a standardised 
‘building block’ or unit of measure. This unit of measure was then used to approximate an assumed 
groundwater level.
The standardised unit of measure was derived from the mean sea level as well as the high and low 
astronomical tides (spring tides) of Tauranga Moana. The difference between local astronomical tide 
(high – low) is 2200mm and the difference between mean sea level of Tauranga Moana and New 
Zealand is 1100mm.179 As 1100 factors into 2200, it was possible to incorporate both records into the 
‘building block’ of the design and relate it to the waters around Te Papa peninsula, as well as New 
Zealand. Like Chand Baori and Santa Cristina, this measurement (2200mm) was then divided evenly 
to determine the size of a ‘building block’ or standard unit of measure relating specifically to the site 
and groundwater. 
This measurement (2200mm) was first divided by two to match the proportions between the mean 
sea level and astronomical tides (2200 ÷ 1100 = 2), but this unit of measure was to big to fit the 
astronomical information into the design and site. Dividing this measurement into thirds (2200mm ÷ 
3) resulted in a standard unit of measure approximately 733mm, which is better suited the design and 
site.
The original elevation of the spring source was assumed to be 4.4m above sea level or approximately 
1m below the existing site level. The origin of the major axes or the vertical axis is set 1.5 units 
below the assumed elevation of the spring source. The groundwater (or spring) level represents mean 
sea level, while the origin of the major axes below and floor level of the observatory above match the 
heights of the high and low astronomical tides along Te Papa peninsula.
179  Land Information New Zealand, New Zealand autical almanac: 2018/19 (Land Information New Zealand, 2018), 128.
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(Fig 40.) Diagrams of local sea levels that were used to determine a standard unit of measure, by author.
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An instrument and archive
Sacro Pozzo di Santa Cristina was not only an instrument of observation, but also an archive of 
astronomical information, marking the angles and movements of the sun and moon.180 Similarly 
the ceiling of Puukenga is divided by the tāuhu (ridge beam), representing the equator with the 
layout of ceiling lights matching significant whetu (stars) from both hemispheres. These designs are 
archives of astronomical information. This design proposal has translated the same design process 
of incorporate astronomical information, focusing on the Moon, Earth and Sun, so that the ‘Spring 
Observatory’ is also an instrument and archive.
For example, the orientation of the site and axes is exactly twelve degrees east of true north. New 
Zealand observer Elsdon Best identified “twelve was a highly favoured number in Babylonia, as it 
also was with Polynesians, including Māori folk.”181 There are twelve hours in a day, twelve months 
of a year and Best notes “twelve separate and distinct heavens termed ngā rangi tuhaha” amongst 
Takitimu tribes.182 It also marks the movement and thirty phases of the Moon (360 divided by 12 
equals 30), reflected in the local Takitimu lunar calendar.183 Centred on the spring and major axes, 
thirty pou (columns) are set out around the perimeter of the observatory space. The cross sections of 
the columns are shaped and orientated with spring source so that when light comes down the view 
shaft, the uniform profiles are lit (and shaded) to match a particular moon phase. Information 
like this has been layered into the design, informing the setting out, angle and sizes 
of each element of the building, while incorporating them in such a manner 
that makes their meaning as clear as possible to visitors.
180  Lebeuf, “Nuraghic Well of Santa Cristina,” 155.
181  Best, “The Māori Division of Time,” 6.
182  Elsdon Best, “The Astronomical knowledge of the Māori,” Dominion Museum Monograph No. 3, (Wellington: Government Printer, 1922), 
8.
183  Best, “The Māori Division of Time,” 31-32.
(Fig 41.) Plan illustrating the twelve degrees between the orientation of site and true north, by author. (Above)
(Fig 42.) Plan illustrating the setting out of the perimeter columns, by author. (Below)
(Fig 43.) Section of pozzo sacro di Santa Cristina illustrating the astronomical alignments, by author.
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Design Outcome
The Sun, Moon and Earth: 
A masterplan
Puukenga is divided into two zones, 
male and female, that have been layered 
with connections that help visitors to 
understand the dualities perceived by 
Māori. The Spring Observatory is also 
divided into different zones, representing 
the Moon, Sun and Earth. Each zone is 
similarly layered with connections to help 
visitors understand the almost universal 
associations found in most indigenous 
cultures and religions, like the connections 
between groundwater and the Moon. 
The Moon zone encompasses the 
observatory and the spring source. The 
Sun zone covers the four entrances and 
the Earth zone is represented by the 
internal public spaces. These zones 
are used to organise the astronomical 
information incorporated into the design 
as transparently as possible for visitors 
to easily understand. For example, 
information pertaining to the Moon is 
found in the Moon zone. Connections 
between the Moon and Sun, for example, 
are made with reference to building 
elements in the Moon and Sun zones.
(Fig 47.) Plans illustrating areas of the Moon, Sun and 
Earth zones, by author.
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(Fig 48.) Render from the southern 
side of the observatory, by author.
(Fig 49.) Render of the 
Observatory in the middle of 
the design process, by author.
This render illustrates the layering of 
information that was used to develop and 
complete the design
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The observatory space encompasses the source of the spring and also represents the entire Moon 
zone. Māori, like most indigenous cultures, associated the Moon with women, fertility, healing and 
water, including groundwater.184 The central core of Puukenga illustrates these connections with a 
spring flowing through a koru floor pattern (representing new life) around the poupou (central post), 
with a carving of Hine at its base, representing all women and their “relationship with Papatūānuku 
through birth”.185 Like Puukenga, the Moon zone or observatory, draws on many of the same 
associations, while also incorporating astronomical information relevant to the Moon.
184  Margaret Orbell, The Natural World of the Māori, (Auckland: David Bateman, 1985), 35.
185  Ella and Paniora, Puukenga, 1.
(Fig 50.) Symbols of the Moon, women, darkness and healing, by author.
(Fig 51.) Plan illustrating the 
setting out, profiles and lighting 
of the poumarama, by author.
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As mentioned earlier, the space around the spring source is lined 
with thirty pou representing the different phases of the moon. The 
pou matching he whiro (new moon)186 is omitted to acknowledge the 
variation within maramataka depending on the tribes (28-32)187,188 
adopted to align a 29.54 lunar cycle as well as to allow light to reach 
and reflect off the spring.189 The pou matching he rākaunui (full moon) 
is cut short and angled to capture and measure the Moon’s light in 
the peak of winter, during its lowest elevation. Groundwater like the 
tides, are effected by the pull of the moon, which is strongest during 
he whiro and he rākaunui when they align with the Sun. The twelve degree spacing of the pou will 
also enable visitors who come to the observatory daily like after school or during a lunch break, to 
track the movement of the Moon as it appears in one space and jumps to the next at the same time the 
following day.
The perimeter of the pou marama (moon posts) has a radius of 24 standardised units (refer to 
design process) to represent the commonality between the calendars incorporated into the design. 
For example, comparing the lunar calendars of mana whenua tribes, both Ngāi te Rangi and Ngāti 
Ranginui have twelve months or “moonths”. The same can be said between these maramataka 
calendars and the colonial Georgian calendar (2 calendars x 12 months = 24) and illustrates a familiar 
connection visitors can associate with the Moon. 
Sections of driven tōtara piles will be used to form the pou, with bark striped from exposed ends of 
the piles for cladding and larger, stronger sections used towards the southern end of the observatory 
to better support the adjoining internal spaces.
186  Best, “The Māori Division of Time,” 31-32.
187  Tāwhai, Living by the Moon, 13-16.
188  Rangi Matamua, Matariki: The Star of the New Year (Wellington: Huia Publishers, 2017), 40.
189  Best, “The Māori Division of Time,” 24-25. 
(Fig 52.) Diagram illustrating the precession of the Moon and how visitors in the observatory will be able 
to track its movement, by author.
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(Fig 53.) Final harakeke model, 
photogrpahed by author.
Prototypes of the observatory’s primary 
structure using New Zealand Flax sourced 
in Tauranga Moana
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Sitting above the pou is a woven structure resembling a circular pattern 
of woven harakeke (New Zealand flax). Raranga (weaving) is typically 
seen as a feminine art-form and early inspiration was taken from ‘Te 
Porohita ō te Whenua’ by Tauranga weaver Pat Old.190 Models of 
the woven structure, used strips of harakeke woven into a base with 
thirty points matching the pou marama (moon columns). Specific 
angles and patterns were incorporated to correspond with astronomical 
information about the moon. Harakeke models were then developed 
by prototyping and evaluating their constructability, structural integrity 
and suitability regarding the necessary openings or light shafts. 
The final design uses pairs of structural members spread at an angle of twelve degrees to land on the 
neighbours of the opposite pou, without passing directly over the spring source. The twelve degree 
spread of each pair match the movement of the Moon in a single day (24 hours). The twelves degree 
spread at a 24 unit radius also mean that pairs of structural members first intersect horizontally twelve 
units away from the spring source. This repetition of the number twelve, like the number eight in 
Chand Baori,191 reinforces its significance in astronomy across most cultures and by association, the 
significance of the spring.192
190  Old Pat, Te Porohita ō te Whenua, 2016, harakeke, 1200 x 1200 mm, Te Kōpuni Kura, Te Wānanga o Aotearoa Art Collection.
191  Livingston. Steps to Water, 41.
192  Best, “The Māori Division of Time,” 6.
(Fig 54.) Harakeke models used to prototype primary structures for the observatory space, photographed 
by author.
(Fig 55.) Maringa te Kakara.
The whare kōkōrangi (Māori astronomical 
house of learning) or “Cruciform Building” 
of Maringa te Kakara
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The woven or primary structure will be fixed to pou marama with 
harakeke rope. Harakeke rope requires skilled labour to make and 
install, but can be made with cheap, local material and the minimal 
waste produced in maintaining and replace them can be managed on 
site. This resonates with the same kaupapa (objective) as Te Kura 
Whare where Ngāi Tūhoe did not wish to burden or impact other sites 
with respect to the people living around them and Papatūānuku (Earth 
Mother).193 On top of the primary structure is a timber substructure, 
also fixed with harakeke rope. This will support several layers of 
soft tōtora bark similar to the construction of the whare kōkōrangi194 (Māori astronomical house of 
learning) or “Cruciform Building” of Maringa te Kakara.195 Bark sheets will be soaked and dried 
in cycles to attain the desired forms needed to protect, fix and fit the form of building. The soft and 
curved cladding resonate with the feminine form, similar to the central area of Puukenga, that used 
curved timber linings.196
193  Grohnert, Ever the land.
194  Matamua, Matariki, 1-2.
195  C.G.Hunt, “Maringa te Kakara Village,” The Journal of the Polynesian Society 68 (March, 1959) 4-6.
196  Ella and Paniora, Puukenga, 1.
(Fig 56.) Render of the 
porposed positions for tukutuku 
panels, by author.
The observatory ceiling with spaces 
between the primary structure for diamond 
tukutuku panels
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The diamond spaces between the woven structure in the observatory 
ceiling will be fitted with traditional tukutuku panels. Tukutuku panels 
have been used in similar civil buildings around Tauranga including 
the City Library and Manawaroa in the University of Waikato 
Tauranga campus with varying success. Tukutuku panels, like all toi 
Māori (Māori arts), are used to communicate different ideas or kōrero 
(stories), and usually rectilinear to suit a square frame or structure.197 
The diamond shape of the panels depict pākiti (flounder) and is a 
common motif throughout Tauranga Moana.198 Pākiti are commonly 
used to represent the abundance and fertility of an area and tribe. In this design, the pākiti make 
reference to the wetlands, estuary and other brackish environments and their abundant wildlife that 
the springs of Te Papa peninsula once supported. Design briefs and patterns for each tukutuku panel 
will be determined through further consultation with mana whenua and tukutuku artists. The briefs 
of each panel will specifically relate to the spring, history of Te Papa peninsula or the astronomical 
significance of that position in the observatory.
197  “Tāniko and tukutuku,” Te Ara: The Encyclopaedia of New Zealand, published 22 October, 2014, https://teara.govt.nz/en/te-raranga-me-te-
whatu/page-3.
198  “‘Matariki’ tukutuku panel,” Te Papa Tongarewa: Museum of New Zealand, accessed 27 September, 2019, https://collections.tepapa.govt.nz/
object/1361586
(Fig 57.) Ngā Wāhi Rangahau in the Tauranga City Library, photographed by author. (Above)
(Fig 58.) Manawaroa in the Tauranga Campus of the University of Waikato, photographed by author.
(Fig 59.) Plan of the observatory, 
by author.
The inner pond where groundwater surfaces 
with an obsidian perimeter to protect the 
spring source
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In the centre of the observatory there are two ponds; a low, inner pond 
around the source of the spring and a larger outer pond to manage high 
groundwater level events. The perimeter of the inner pond is supported 
by small, black obsidian masonry with the top angled 10.3° to allow 
even the lowest Moon and Sun light to reach the still water.199 This 
angle also represents the elevation range of the lunar nodal precession, 
the angle of difference between the Sun and Moon path on any given 
day as viewed from Earth.200 This angle is integral to tracking the 
Moon or Sun from Earth and connects all three bodies or zones with 
the inner pond, major axes and spring source. 
Rough obsidian flakes will cover the base of the inner pond to protect the spring source, enable 
groundwater to surface and slow groundwater flow to keep the water still and reflective. The obsidian 
flakes will be sourced from Tuhua (Mayor Island) and reference the pre-European trade network of 
this precious material throughout the Bay of Plenty.201 With a dull rough finish the black obsidian will 
also support the illusion a never-ending hole into the Earth, at the source of the spring. This illusion 
will potentially improve the public awareness of sub-terrain entities like groundwater and reinforce 
the almost universal fascination with the origins of groundwater. Hindu’s regard a watering hole, 
or tirtha, as threshold with heaven,202 the Greeks and Romans believed groundwater rose from the 
underworld or the abise203 and Māori perceive it as the lifeblood of Papatūānuku (Earth Mother).204  
The thickness of the obsidian perimeter is based on the ‘lunar apsidal precession’ and size variation 
of the Moon. The inner edge of the obsidian perimeter has a diameter of 8.85 standard units (refer to 
design process) and represents the 8.85 year ‘Lunar apsidal precession’.205 The thickness or diameter 
of the outer edge of the obsidian perimeter is 14% bigger than the inner edge to represent the 
proportional difference between an apogee (or super) Moon and a perigee Moon.206 An apogee Moon 
appears bigger because the Moon passes closer to the Earth and its pull on the sea and groundwater 
is greater, causing events like apogee spring (or king) tides.207 The height and location of the inner 
pond edges relate to the pull of the Moon they represent. During a perigee Moon, when the pull on 
water is weakest, the groundwater level is unlikely to exceed the low, inner edge. During a apogee 
Moon, when the gravitational pull on water is strongest, the groundwater level is more likely to 
reach the upper, outer edge. Tāwhai explains how Māori incorporated this understanding into their 
lunar calendars and the design observatory translates that information as clearly as possible for 
regular, laymen visitors to understand.208 This also reinforces the pedagogical approach of the self-
explanatory design, removing the need for any signs or tour guides. The more time visitors spend 
inside the space, the more their understanding and appreciation of the spring will grow.
199  Michael Mccoy, “Does the Moon follow the same path across the sky as the Sun?,” in Astronomy, 1 November, 2006, http://www.astronomy.
com/magazine/ask-astro/2006/11/does-the-moon-follow-the-same-path-across-the-sky-as-the-sun.
200  Mccoy, “Does the Moon follow.”
201  Orbell, The Natural World of the Māori, 35.
202  Livingston, Steps to Water, 7.
203  Vitruvius, The Ten Books on Architecture, 299.
204  Rangitāne o Wairarapa Inc and GWRC, Ngāti Hāmua, 34.
205  Adrienne Dove, Stuart Robbins, and Colin Wallace, “The Lunar Orbit Throughout Time and Space,” (2005): 12.
206  “What is a Supermoon?,” NASA, posted 29 April, 2019, https://solarsystem.nasa.gov/news/922/what-is-a-supermoon/.
207  NASA, “Supermoon.”
208  Tāwhai, Living by the Moon, 21.
(Fig 60.) Diagram of the outer 
and inner pond areas, by author.
Porportioned to match the tides around Te 
Papa peninsular and act like a flood plain to 
cope with high groundwater levels
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The outer pond comprises of two levels and is designed to manage 
unusually high levels of groundwater, that exceed the capacity of the 
inner pond. The higher of the two levels has a circular perimeter with 
a radius of twelve units, that in plan also matches the first intersection 
of the woven structure above. This again reinforces the significance 
of the number twelve in astronomy as well as the frequency of its 
reoccurrence in cultures, calendars and cosmologies around the 
world.209 Alignments between the floor and primary structural layouts 
also reflect the vertical connections between the groundwaters beneath 
the observatory and the Sun and Moon above. 
The lower level of the outer pond has an oval perimeter, aligned with the major axes and based 
on subtraction from the circular perimeter of the higher level. The subtractions depict the tides of 
the Waimapu estuary, that this spring once flowed into and local sea levels during astronomical 
events, like an apogee or perigee Moon resulting in a spring tide. The northern and southern ends 
are aligned with the major axes where the Moon and Sun zones overlap, representing the highest 
recorded astronomical tide for Tauranga City when the Moon and Sun aligned.210 Along the eastern 
and western sides, the radius is reduced by three ‘units’, corresponding to the variation between 
high and low astronomical tides.211 Between the major axes at an even 45 degrees marks the average 
or mean sea level for Tauranga Moana.212 This oval can also be used to visualise seasonal effects 
like temperature and rainfall changes with the four intersecting Sun zones representing the peaks of 
summer and winter (solstices) as well as the middle of spring and autumn (equinoxes).213
209  Best, “The Māori Division of Time,” 6.
210  LINZ, New Zealand autical almanac, 128.
211  LINZ, New Zealand autical almanac, 128.
212  LINZ, New Zealand autical almanac, 128.
213  “Seeing Equinoxes and Solstices from Space,” NASA, posted 29 March, 2018, https://solarsystem.nasa.gov/resources/749/seeing-
equinoxes-and-solstices-from-space/.
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(Fig 61.) Aerial of spring 
source illustraing the extent of 
impervious surfacing in Tauranga 
City center.
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The incorporation of sea level information into this ‘Spring 
Observatory’ is not a mistake. It helps to raise public awareness and 
understanding of the risks and vulnerability of coastal springs. Coastal 
cities like Tauranga, are susceptible to groundwater contamination by 
seawater, turning freshwater saline and thus, unsuitable for drinking or 
irrigating crops.214 This is attributed to rising sea levels, overharvesting 
and restricted groundwater recharge.215 The Sumerians of modern-day 
Iraq (4000BC) perished from saltwater irrigation. As their soils became 
increasingly saline, they turned into “dead fields” where crops were no 
longer able grow.216 Prior to European arrival, Te Papa (Tauranga City) was covered in large gardens 
planted by Māori.217 At present, city residents are not gardening with seawater like the Sumerians, 
but the increasing impervious surface around the city may also potentially lead to similar salty 
landscape. Impervious surfaces like roads and pavements contribute to Heat-island effects in city, 
warming and drying the earth, while also restricting groundwater recharge.218 As coastal aquifers dry 
up, like a sponge they start to soak up sea water and turn salty.219 Te Papa was historically a fertile 
landscape where Māori developed large gardens, but for local residents that is becoming increasingly 
unrecognisable and unimaginable.220
214  Miguel Cañedo-Argüelles, C. P. Hawkins, Ben J. Kefford, R. B. Schäfer, B. J. Dyack, Sandra Brucet, David Buchwalter et al., “Saving 
freshwater from salts,” Science 351, no. 6276 (2016): 914-916.
215  Bricker, Banks, Galik, Tapete and Jones, “Accounting for groundwater in future city visions,” 619.
216  David Getches, “Water Wrongs: Why Can’t We Get it Right the First Time,” Environmental Law 34 (2004): 1-2.
217  Buddy Mikaere, Cultural Values Assessment: Tauranga Tauranga CBD from Mission Street to 11th Avenue (Tauranga: Ngai Tamarawaho 
Environmental Unit, 2018), 9.
218  Bricker, Banks, Galik, Tapete and Jones, “Accounting for groundwater in future city visions,” 619.
219  Bricker, Banks, Galik, Tapete and Jones, “Accounting for groundwater in future city visions,” 619.
220  Mikaere, Cultural Values Assessment, 9.
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SOURCE
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(Fig 62.) Render of the 
Observatory floor finishes, by 
author.
The floor levels and finishes represent the 
general geography of Te Papa peninsular 
and the site
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The floors and finishes in the observatory space reflect the common 
traits identified in the six case studies regarding materiality and 
porousness. The inner pond is covered with durable obsidian flakes  
that slow the springs’ flow but is a porous base that allows the 
groundwater to surface. The outer pond is retained using drive tōtara 
stakes and covered with porous sand, which prevents a build-up of 
groundwater pressure that may damage the inner pond. The sand also 
reflects the fragility of the spring and threatens to expose any visitors 
that get to close by retaining their sandy footprints. During high 
groundwater level events, the sand will naturally resettle evenly again. Above the outer pond will be 
a clay floor, hardened with oil, matching the lighter hardscaping around the rest of the site, to help 
visitors identify area intended for public access.221
The clay and sand floors illustrate the general geology of the Te Papa peninsula and the site.222  
The upper layer of clay represents Hamilton ash, while the sand matches the Pleistocene sediment 
underneath that retains groundwater, feeding the springs above.223, The clay floors, are regularly oiled 
to ensure durability under heavy foot traffic.224 Oil will build up over time, requiring less frequent 
maintenance, but like all the other materials selected, could naturally deteriorate without risk to the 
site or groundwater below. This excludes the obsidian around the spring source, which is designed to 
protect the spring and ensure its permanence in the Te Papa landscape.
221  Hugh Morris, Miles Allen, Thijs Drupsteen, Bob Gilkison, Graeme North, Richard Walker, Min Hall and Jenny Christie, NZS 4298:1998 – 
New Zealand Standard: Materials and workmanship for earth buildings (Wellington: Standards New Zealand, 1998), 77-79.
222  Evelyn Dinsdale (Stokes). Changing Patterns of Settlement in Tauranga County: A Study of Historical Geography (Master’s Thesis, 
Waitkato University, 1959), 15-20.
223  R.M. Briggs, G.J. Hall, G.R. Harmsworth, A.G. Hollis, B.F. Houghton, G.R. Hughes, M.D. Morgan and A.R. Whitbread-Edwards, Geology 
of the Tauranga Area, Department of Earth Science, (Hamilton: University of Waikato, 1996), 9.
224  Lydia Kiroff and Harry Roedel, “Sustainable Construction Technologies: Earth Buildings in New Zealand,” in Second International 
Conference of Sustainable Constructions Materials and Technologies, Ancona Italia (2010), 4.
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Around the outer pond is a ring of seating constructed with driven 
tōtara piles and woven harakeke (New Zealand flax) tops. The gaps 
breaking up the seats correspond to light shafts in the observatory, the 
Sun zones and significant solar azimuths. The gaps are spread at angels 
of twelve and twenty-four degrees and align with the pou marama 
(Moon posts) and woven framing above to again reinforce the vertical 
connections within the observatory and the significance of the number 
twelve. The larger twenty-four degree gaps are reserved for the light 
shafts and Sun zones given their integral functions in the observatory. 
The smaller twelve degree gaps align to the azimuths of the sunrise and sunset during the winter 
and summer solstice.225 With the west and east Sun zones, representing the sunrise and sunset of the 
equinox, visitors can determine the progression of the Sun’s path through the year. This also means 
during sunrise and sunset, visitors in the observatory can use the seats (and aligning pou marama) to 
determine the time of year.
Another reason that the seats are aligned with the pou marama is because, like the thirty days 
in maramataka, the angles between the equinox and either solstice (sunrise or sunset) are also 
approximately thirty degrees.226 This angle is smaller in areas further north and larger in areas further 
south.227 Astronomical information like this, has been used to tie the design back to the spring and 
its unique place. The other connection these seats have with the Moon zone is that, although they 
can be used to track the Sun and solar year, they are specifically designed to track the lunar nodal 
precession. When the Moon is at its highest, its centre is 5.15⁰ higher than the centre of the Sun.228 
If this coincides with a solstice, visitors in the observatory will see the edge of the Moon align with 
the edge of the seats. So during a solstice, visitors can anticipate and track the Moon through its 18.6 
year cycle.229 This also means during a solstice, events will happen throughout the day within the 
observatory, with the potential to relate and celebrate multiple solar and lunar based calendars.
225  “Sun Position,” SunEarthTools.com, accessed 15 September, 2019, https://www.sunearthtools.com/dp/tools/pos_sun.php?lang=en.
226  SunEarthTools.com, “Sun Position.” 
227  SunEarthTools.com, “Sun Position.”
228  Diederik Willemsen, “The astronomical origin of tides,” Sailing Issues, posted 5 April, 2019, https://www.sailingissues.com/navcourse6.
html.
229  Mccoy, “Does the Moon follow.”
(Fig 64.) Render illustrating how the seats can be used to observe the movement of the Sun, by author 
(Fig 65.) Render illustrating how the seats can be used to observe the movement of the Moon, by author
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(Fig 63.) Plan illustrating the 
setting out of the observatory 
seats, by author.
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(Fig 66.) Render illustrating 
the lighting design for the 
Observatory, by author. 
The outer sides of the seats will include recessed lighting for low level 
illumination that will guide people around the observatory, without 
disrupting any observations using the spring. Narrow spot lights set 
into the top of the pou marama will be used to enhance the woven 
structure. As the structure is curved, the base of the structure will be 
brightly lit, and gradually fade towards the centre of the observatory 
over the spring. The Moon zone is designed as dark space with refined 
shafts of natural light like Santa Christina230 and Chand Baori231 that 
also associated darkness with the Moon (night) and groundwater (sub-
terrain).232
Light has also been used help visitors identify the scaredness of the space and spring, in comparison 
to the Sun zones outside, that are left open to the sky. Similar to how Morna describes a stepwell, 
comparing them to “a temple, where the most sacred sanctuary is the darkest part, called the 
womb…a cosmic reference between light and dark”.233 The darkness in the observatory also 
enhances the reflections and lighting effects that occur during an astronomical event. The Moon 
zone also uses dim lighting in association with groundwater to create a calm, meditative atmosphere 
similar to Puukenga234 and the pavilions of Chand Baori.235 The space is also designed to encourage 
visitors to stop and occupy any point in the observatory, by systematically designing-out any strict or 
busy circulation routes.
230  Lebeuf, “Nuraghic Well of Santa Cristina,” 157.
231  Livingston, Steps to Water, 42.
232  Orbell, The Natural World of the Māori, 39.
233  Livingston, Steps to Water, 42.
234  Ella and Paniora, Puukenga, 1.
235  Livingston, Steps to Water, 39.
(Fig 67.) Section through the northern and southern entries of the Observatory, by author.
Entrances
The Sun Zone
(Fig 68.) Render of the western 
entrance from Durham Street, by 
author.
(Fig 69.) Site plan of the four 
Sun zones / entrances into the 
and Observatory, by author. 
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(Fig 70.) Symbols of the Sun, men, light and rectalinear form, by author.
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The four entrances into the observatory represent the Sun zones and are aligned and coupled 
corresponding to significant solar azimuths. Even though the Sun zones are centred to the spring, the 
Moon zone takes precedence in the observatory space. The reason for this, is to favour the spring and 
the stronger connections spring shares with the Moon.
 In te ao Māori, the sun is typically associated with men, male art forms like carving, Ranginui (Sky 
Father) and his son Tane Mahuta, who created Te Ao Marama (the world of light).236 Puukenga 
demonstrates this masculinity using classrooms with rigid box forms and spaces, strong materials 
like galvanised steel and raised foundations lifting classrooms off the ground closer to the Ranginui 
(Sky Father).237 The top of the poupou in the middle of Puukenga is also carved in the form of Tane 
Mahuta stretching above the raking ceiling up into a raised skylight.238 The entrances in this design 
are left uncovered to draw the same connections as Puukenga does between the Sun, light and 
Ranginui (Sky Father). These open Sun zones also function as light shafts to ensure an unobstructed 
line of sight from the Sun and Moon to the spring.
(Fig 71.) Render of the northern 
entrance and restored wetlands, 
by author.
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The northern entry is aligned with the unnamed street running along 
the city block and is the main view shaft allowing Sun- and Moon-
light into the observatory. This is also where the spring will leave 
the observatory and start to flow down its original path again.239 
The unnamed street will be redeveloped to restore historic wetland 
environments in the city that are feed by water from the spring.240 The 
wetlands will also be used to establish a decentralised stormwater 
system that supports groundwater recharge and cycles.241 A board walk 
will be constructed along the wetlands with water resistant tōtara piles 
and pine boards. The boardwalk will run in two parallel lines along the sides of the thoroughfare, 
with regular perpendicular bridges, contrasting the curvature in Moon zone. These bridges and 
boardwalks will service visitors to the observatory as well as occupants accessing the back of the 
neighbouring buildings.
The long term goal is to be reunited the spring and ocean, and to restore the historic landscape and 
brackish habitats that support wildlife like native shellfish.242  Until Grey and Spring Street can be 
redeveloped to accommodate stream, it will terminate into the central stormwater system. Developing 
decentralised stormwater systems like wetlands, stormwater ponds and natural waterways reduce the 
stress, maintenance and need for larger centralised systems.243 Decentralised systems can also support 
groundwater recharge and cycles, as well as, improving public understanding and appreciation for 
local water systems.244 
239  James, Military sketch of Tauranga.
240  James, Military sketch of Tauranga.
241  Hoyer, Dickhaut, Kronawitter and Weber, Water Sensitive Urban Design, 21-28.
242  Pam Cromarty, “Bay Of Plenty Conservancy,” A Directory Of Wetlands In New Zealand, ed. Derek A. Scott (Tauranga: GP Prints, 1995), 
70-71.
243  Hoyer, Dickhaut, Kronawitter and Weber, Water Sensitive Urban Design, 10-11.
244  Hoyer, Dickhaut, Kronawitter and Weber, Water Sensitive Urban Design, 36-39.
(Fig 72.) Render of the main 
entrance on the south side of the 
building, by author.
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At the southern end of the observatory facing Elizabeth Street, 
between the internal public spaces, is the main entrance. Unlike the 
other entries, this space is covered and supporting a tāhuhu whakairo 
(carved ridge beam). When the Sun or Moon are north of the 
observatory, light will enter the space, reflect off the spring and along 
the tāhuhu whakairo. During these events, visitors will be able to mark 
various astronomical events, or at least anticipate the next upcoming 
event. 
This space also uses linear framing and flat planar materials like the rectilinear boardwalk of the 
north Sun zone and classrooms of Puukenga.245 Like Puukenga, these linear and planar elements 
represent the male form and masculine side of the design.246 Elements like these contrast the 
curvature and feminine connections of the Moon zone. The tāhuhu, framing and panels will also be 
ornamented using typically male art forms like whakairo (carving) in consultation with local mana 
whenua and master carvers.
245  Ella and Paniora, Puukenga, 1.
246  Ella and Paniora, Puukenga, 1.
(Fig 73.) Section through the Observatory and Main Entrance illustrating light reflecting off the spring and 
illuminating the tāhuhu during a winter solstice, by author.
(Fig 74.) Render of the eastern 
and western entrances, by author.
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The east and west entrances, opening on Durham and Grey Street, 
are aligned with the sunrise and sunset of the equinox. During an 
equinox the Earth’s tilt and equator are perpendicular to the Sun, so 
sunrise and sunset are exactly east and west.247 Also along a common 
longitudinal line, people in the northern hemisphere see the sunrise 
and sunset at the same time as people in the southern hemisphere.248 
Equinox in Latin means “equal night” and reflects “the idea that 
daytime and nighttime are equal lengths everywhere on the planet”.249 
The kotahitanga (notion of unity)250 around these events could be 
celebrated to encourage reconciliation between tangata whenua (local Māori), New Zealanders of 
Europeans decent and other nationalities.251 Tauranga City was initially a British military settlement 
on confiscated land and underpins ongoing tensions between local crown government and mana 
whenua. Restoring the historic landscape and celebrating events like the equinox, that all residents 
can share regardless of where they are from, is a potential solution to aid ongoing reconciliation 
efforts in Tauranga.
247  NASA, “Seeing Equinoxes and Solstices from Space.”
248  NASA, “Seeing Equinoxes and Solstices from Space.”
249  NASA, “Seeing Equinoxes and Solstices from Space.”
250  “What does Te Noho Kotahitanga mean?” Te Noho Kotahitanga and Unitec, Unitec Institute of Technology, ccessed 20 September, 2019. 
https://www.unitec.ac.nz/about-us/te-noho-kotahitanga-and-unitec.
251  Reese, Te Papa, 9.
Internal 
Spaces
The Earth Zone
(Fig 75.) Render the ‘Formal’ 
space, by author
 “He aha te mea nui o tea o?
He tangata, he tangata, he tangata”
“What is the most important thing in the world?
It is people, it is people, it is people”
- Dame Whina Cooper 252
252  Whina Cooper, from Hollis Renēe, Kia Maumahara ki ngā Whakatauki: Remember Māori Proverbs (Nelson: 2007), 4-5.
(Fig 76.) Render of the wall 
between the ‘Formal’ space and 
the Observatory, by author.
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The contrasting Moon and Sun zones are brought together in the Earth zone. The Earth zone or 
internal spaces, do not literally represent the Earth. The Earth zone also does not focus specifically on 
connections with Earth, like those made in the Moon zone with Papatūānuku (Earth Mother). 
The Earth zone represents a the balance of male and female connections to reflect “ngā tanganta” 
(the people). This balance is illustrated in wharenui (Māori meeting houses) like Ngākau Māhaki 
opposite Puukenga253 and Tamteapokaiwhenua of Huria marea and Ngai Tamarawaho hapu that claim 
mana whenua to Te Papa (Tauranga City centre).254 The walls of these wharenui are ornament with a 
rhythm of male and female connections. Structural pou whakairo (carved posts) are carved by men255 
and in between them are tukutuku panels woven by women.256 The internal public spaces mimic this 
same rhythm, using the exposed internal structure to represent the masculine side and the linings in 
between to represent the feminine side.
The Earth zone also makes reference to Kaupapa Māori theories surrounding gender.257 Many 
indigenous cultures, including Māori, do not regard sex and gender as synonymous.258 Rather, people 
have a mix of masculine and feminine qualities.259 This part of the design celebrates this balance of 
qualities to represent the population of Tauranga, but also each individual.
“te taha tāne... te taha wahine.” (The masculine side... and the feminine side)
-Whakatau tīnana, used by classes on Tauranga campus of Te Wānanga o Aotearoa
253  Unitec Institute of Technology, “Te Noho Kotahitanga Marae.”
254  Hazel Rseborough, Ngai Tamarawaho (Wai 659) (1999), 156-158.
255  Unitec Institute of Technology, “Te Noho Kotahitanga Marae.”
256  Deidere Brown, Māori Architecture: from fale to wharenui and beyond (Auckland: the Penguin Group, 2009), 89.
257  Leonie Pihama, “Kaupapa Māori theory: transforming theory in Aotearoa,” He Pukenga Korero 9, no. 2 (2012): 5-15.
258  Anderson, “Traditional and Indigenous Knowledge,” 2-3.
259  Anderson, “Traditional and Indigenous Knowledge,” 2-3.
(Fig 77.) Symbols of the Sun, men, light and rectalinear form, by author.
(Fig 78.) Manawaroa (wharenui space) in the Tauranga Campus of the University of Waikato, 
photographed by author 
(Fig 79.) Render of the ‘Informal’ 
side and the permenant 
exhibitions, by author.
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The main entrance or overlapping Sun zone, divides the internal 
spaces into a formal and informal side. The informal side will contain 
permanent exhibitions and recording booths. The interactive exhibits 
include stations for visitors to weave models of the observatory 
structure, simulate astronomical events with scale models and small 
reflection pools. Stations like these are located to suit the lighting 
qualities and spaces around the primary structures of the Moon and 
Earth zones. They are designed for all ages with the aim of improving 
visitor understanding and appreciation of the design, adjacent 
observatory and spring.
The goal of the recording booths is to acquire and secure local accounts of Tauranga’s rapidly 
changing landscape. The most significant resources used during this study for locating and learning 
about the springs along Te Papa peninsula, were local accounts like newspaper submissions, 
pieces by historical societies or kōrero (stories) passed on to children. Unfortunately, few accounts 
were made by early European settlers before the historic landscape was altered by the growing 
settlement.260 Information from mana whenua is limited too due to, in part, colonial influence. For 
example, the raupatu (land confiscations) or the Tohunga (Māori expert) Suppression Act 1907,261 
which included Tohunga kōkōrangi (Māori astronomers).262 As the city continues to grow, these 
recording booths will strive to secure what information survives about the history of the Te Papa 
and the wider Tauranga Landscape. Later these booths may be repurposed to assist with city council 
feedback, voting, research surveys or local club registrations.
260  James, Military sketch of Tauranga.
261  General assembly of New Zealand in Parliament, Tohunga Supression Act 1907, (Wellington: 1907), 549-550.
262  M.H Durie, “Identity, conflict, and the search for nationhood,” the RANZCP Congress 1996 College Address (1996).
(Fig 80.) Plan of the ‘Informal’ spaces, by author.
(Fig 81.) Render of the ‘Formal’ 
Space designed for public events 
and ceremonies, by author.
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On the opposite side of the main entrance is the amenities and formal 
side. The amenities include public toilets and storage facilities are 
used to separate the formal space, while still being easily accessible 
to visitors within the observatory and informal side. The common 
trait identified in every case study, was the separation of freshwater 
sources (i.e. spring) and potentially polluting activities. The toilets are 
therefore positioned as far away from the spring as possible, against 
the outer exterior wall, with several spaces in between like circulation 
and storage, to place emphasis on this separation.
The formal side is a large space and is designed to suit a range of public and Māori customary events. 
This includes public forums, consultations or as a voting station for local governing bodies. Outreach, 
conferences or public presentations by neighbouring educational institutes and pōhiri for mana 
whenua to welcome new residents and students, could also be hosted in this space. Additionally, this 
space could be reserved by the public for events such as, local club information nights, school visits, 
holiday programmes or overnight stays at the observatory. The space could comfortably host 120 
seated guested with accessible routes for differently abled visitors.
The curved space is designed for arrayed seating, orientated to the source of the spring. The section 
between the observatory and the internal formal space will be glazed so guests seated along the outer 
southern wall can see the spring and into the observatory. This is to connect kaikōrero (speakers) 
like mana whenua and other leaders of Tauranga with the land, represented by the spring. Similar to 
the pavilions of Chand Baori, the openable glazing will distribute cooler air from around the spring, 
between the observatory and internal spaces during the summer months.263 The openable glazing also 
enables a greater capacity of visitors in both internal spaces, that will be able see into the observatory 
during astronomical events. This includes events such as the new lunar cycle of Matariki (Māori new 
year)264 or the solstices associated with the Georgian, Pagan and Celtic calendars.265
263  Livingston. Steps to Water, 39.
264  Matamua, Matariki, 43-53.
265  Moyer, “The Gregorian Calendar,” 144.
(Fig 82.) Plan of the ‘Formal’ spaces, by author.
(Fig 83.) Render of the roof 
framing and outer wall of the 
Earth zone, by author.
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Elements like the roof and outer wall have been used to help visitors 
identify the overall Earth zone as well as the connections and 
differences between both sides. The continuous roof, covers both 
internal spaces and reflects the entire Earth zone. The area or shape of 
the roof also represents the distance between the Moon and the Earth 
as it moves closer (apogee) and further away (perigee).266 Visitors 
in the observatory will view the effect of this movement as apogee 
and perigee Moons. Using the developed standardised unit (733mm) 
these distances were scaled down, centred on the origin of the major 
axes and rotated. The smaller, eastern edge of the roof closest to the spring represents the distance 
when the Moon is closest to the Earth and vice versa for the larger, western corner of the roof. The 
distances between the spring source to the outer pond and the western corner of the roof, along the 
equinox entrance, also represent the proportional sizes of the Moon and Earth (approximately one 
quarter).267
Along the southern, outermost edge of the building is a continuous external wall. This outer wall 
represents the Earth’s tilt precession or the angle of the Earth, which ranges from 24.5⁰ to 22.1⁰.268 
The wall is split into 24 sections each, with a six degree arch length centre to the spring source. Each 
section represents one tenth of a degree or the 24 stages of the Earth tilt precession (24.5 – 22.1 = 
2.4). To help visitors visualise the angle of this tilt, each section is angled outwards, corresponding to 
the angle they represent (22.1°-24.5°). Therefore, the most western section is angled out 22.1⁰ and the 
most eastern section is angled out 24.5⁰.
The section centred on the main entrance represents 23.4°, which is the Earth’s current tilt.269 This 
acts like a ‘time stamp’ connecting the design and the restoration of spring with the Earth’s tilt 
precession, which is 40,000 year cycle. The roof is also set at a fall of 23.4⁰, parallel to the major 
axes. These features both occur close to the overlap between the Earth and Sun zones because the 
angle of the Earth’s tilt is calculated in relation to the Sun (Earth’s elliptical plane). These sections 
also enable visitors to visualise and understand the effect that the Sun has on the Earth, as well as, 
how it dictates seasonal and climatic changes.
266  NASA, “Supermoon.”
267  “Earth’s Moon,” NASA, posted 12 June, 2019, https://solarsystem.nasa.gov/moons/earths-moon/in-depth/.
268  “Earth,” NASA, posted 25 April, 2019, https://solarsystem.nasa.gov/planets/earth/in-depth/#size_and_distance_otp.
269  NASA, “Earth.”
(Fig 84.) Section through the Earth zone, by author.
(Fig 85.) Site plan indicating 
accessible route through the 
building and site, by author.
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A continuous ramp runs through the site from the northern edge of 
Durham Street, to the southern end of site on Elizabeth Street and 
back up toward the northern edge of Grey Street. It passes through the 
internal spaces via the main entrance to provide covered accessible 
paths around the building. All the ramps in the design, internally and 
externally, are curves centred on the major axes and spring source. 
They are also angled at 5.15° matching the maximum angle between 
Sun and Moon as seen from Earth.270 A standard angle like 5.15⁰ is 
ideal for construction and minimises the likelihood of a visitor falling. 
With references back to the Moon, Earth and Sun, this standard angle is suitable to all three zones. 
This angle (5.15°) is negligibly short of 4.8°, which is defined as an “Accessible ramp” by New 
Zealand Building Code, but far exceeds the 7.1° limit required for a “common ramp”.271 
270  Willemsen, “The astronomical origin of tides.”
271  Department of Building and Housing, Compliance Document for New Zealand Building Code: Clause D1: Access Routes, 2nd ed. 
(Wellington: Department of Building and Housing, 2011), 25.
(Fig 86.) Plan of the internal 
spaces in the Earth zone, by 
author.
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The public spaces are divided and referred to as ‘formal’ and 
‘informal’ to align the activities with tikanga Māori (Māori customs). 
Stefan Salazar discusses how the two entrances in Puukenga are 
“separating the tapu areas, containing the ceremonial entrance and 
formal meeting space, from the noa area, which contains an informal 
entrance where the washrooms are located.”272 This design has 
similarly defined and separated two internal spaces or sides. One 
tapu side; where formal events and strict customs are adhered to, and 
another noa side; relaxed, free of restriction and more conducive to 
learning.273 
Puukenga and Otowa Falls use contrasting materials, colours and finishes as well as level changes to 
create thresholds between sacred and non-sacred spaces. These same techniques have been applied to 
this design, particularly in floors, to distinguish between the tapu and noa sides of the building. The 
informal or noa spaces use dark, oiled earth floors to match the observatory or Moon zone and the 
connections they make with common noa elements (i.e. water). Other than a lighter colouring in the 
Sun zones, the oiled earth matches the hardscaping around the site. This is to minimise any visible 
threshold and encourage visitors to freely enter and move around this space. 
The formal or tapu space uses light grey carpets and the entries use pale timber flooring in contrast 
to the dark earth used on the informal side. The soft timber is used as a threshold between the carpet 
and earth area, where guests can wipe their feet or remove their shoes so as not to dirty the carpets. 
These materials are intended to balance connections made in both the Moon and Sun zones to reflect 
the duality of the Earth zone. For example, the noa floor is dark and cool, reflecting the connections 
made in the Moon zone, but is also heavy and hard, reflecting the connections made in the Sun zone. 
Similarly, the tapu floor is soft and light, but is also pale and warm.
272 Stefan, “Healing by Architecture,” 15-16.
273 Brown, Māori Architecture, 30.
(Fig 87.) Renders comparing the ‘Formal’ space (left) and ‘Informal’ space (right), by author.
(Fig 88.) Render of the entrance 
into the ‘Formal’ space, by 
author.
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The foundations of Puukenga also help to distinguish between the 
masculine areas on raised pile foundations and feminine areas on a 
slab foundation.274 These foundations also represent connections with 
Ranginui (Sky Father) and Papatūānuku (Earth Mother) and resonate 
with the kōrero (tale) of their separation.275 This design uses similar 
foundations to distinguish between the formal side on raised piles and 
the informal side with an earth floor. The pile foundation also raises 
the formal space up to Ranginui, linking back to the Sun zone. The 
earth floor in the informal space rests firmly on Papatūānuku, with 
association to the Moon zone. These again, reflect and reinforce the duality of the Earth zone.
The mahau (covered entrance) on the western side of the building, leading into the formal space, is 
the largest threshold in the design. This large western entrance emphasises the threshold between 
outside, formal and tapu spaces guests are entering. Additionally, during late events and for security 
purposes, the smaller entrance off the main entrance can be closed to the public, but still permits 
guests inside access to the toilets. The mahua space is defined by a large deck that is both inside and 
outside. Common tikanga Māori (protocol) is for guests to remove their shoes before entering, but 
in bad weather and for security purposes it was not suitable for belongings to be left outside. By 
extending the mahau space inside, with the continuation of the timber flooring, guests are able to 
comfortably remove and leave their shoes here. The wall running through the mahau space is heavily 
glazed to optimise on natural sunlight. This allows visitors to maintain a sense of being outside by 
bringing an abundance of natural light into the space. 
The thresholds between and the larger space “inside” and the mahau space, as well as the smaller 
back entrance, are defined by floor finish and level changes. The level changes and internal walls 
throughout the Earth zone are all aligned with the centre of the major axes and the spring source. 
They also correspond to the proportions of the Earth’s latitudinal or climatic zones. The main 
entrance represents the equator and the level change between the mahau and the larger space 
represent the Antarctic circle. This also reinforces the connection between the site and speakers in the 
formal space, as the middle of the space matches the longitudinal position of New Zealand. These 
thresholds are further emphasised with the change of flooring finishes from timber to carpet. The 
fragile, less durable carpet reflects the elevated respect required by guests in this space, for example, 
during a public presentation or pōhiri (welcoming ceremony).276
274  Ella and Paniora, Puukenga, 1.
275  Ella and Paniora, Puukenga, 1.
276  Hirini Moko Mead and Sidney M. Mead, Tikanga Māori: Living by Māori Values (Wellington: Huia Publishers, 2003), 117-131.
(Fig 89.) Plan of the Earth zone highlighting references to the Earth’s latitudinal zones, by author.
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(Fig 90.) Plan of the tangata 
whenua and manuhiri 
approaches into the ‘Formal’ 
space, by author.
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The formal space is also designed to enhance events like pōhiri 
(welcome ceremony). The mahua space includes shoe cupboards 
and a half-height wall that creates two points of entry. The shorter, 
quicker entry is designated for tangata whenua (people of the land) and 
represents their close ties to the land and the spring. The longer entry 
is designated for manuhiri (visitors), reflecting the long journey from 
the land of their ancestors to this place. The external approach leading 
to the mahua space also reflect these connections. From Durham Street, 
tangata whenua can approach down short flight of stairs constructed 
with dried earth masonry from the site. This material reinforces the connection between tangata 
whenua and this site. The longer approach for manuhiri is along a raised boardwalk slightly further 
North, along Durham Street. The raised boardwalk acts like a ‘bridge’, connecting leading manuhiri 
slowly down a curved ramp to the mahua space. 
Under the boardwalk are several stormwater ponds, similar those of Te Kura Whare, filtering water 
and improving/facilitating groundwater recharge in the city. This water is considered noa. Associated 
with the manuhiri path to enhance the early steps of a pōhiri. As Hirini Mead explains “From 
being very tapu the ceremony moves towards a state of balance in which human relationships are 
normalised so the people can meet more informally. This balanced state is called noa”.277 Water here 
emphasises the shedding of tapu as manuhiri approach the tangata whenua over the ponds during 
a pōhiri ceremony. It also represents the connection manuhiri form with tangata whenua, and by 
extension, the landscape.278 
Ritual ceremonies like pōhiri also reflect the balance and duality associated with the Earth zone. 
Potential ceremonial uses of this space include pōhiri for new students from the adjacent education 
precinct to Tauranga Moana.279 Events like this would demonstrate respect by Tauranga City council 
and local tertiary institutes for the rangatiratanga (authority) of mana whenua and contribute to the 
ongoing reconciliation in Tauranga City.280 Opportunities like this reflect the duality of the Earth 
zone, ngā tangata and kaupapa (purpose) of this project to improve Tauranga City through restoration 
of the physical, ecological and cultural landscape.281
277  Mead and Mead, Tikanga Māori, 118.
278  Hoskins et al., Te Aranga: Māori, 1.
279  Tom Roa and J.T Tuaupiki (Waikato-Tainui), Tikanga Tainui; Tikanga Whare Wananga (Hamilton: University of Waikato, 2005), 1-3.
280  Unitec Institute of Technology, Te Noho Kotahitanga Marae (Auckland: Unitec Institute of Technology, 2001), 1.
281  Hoskins et al., Te Aranga: Māori, 1.
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Conclusion
The ongoing water crisis threatens groundwater sources globally. This crisis is 
underpinned by social issues that are partially attributed to the built environment. 
Architecture can address these issues and assist in the restoration and protection 
of groundwater. This study has identified common traits in existing groundwater 
architecture. These traits have been evaluated to determine how they improve public 
awareness, understanding and appreciation for groundwater. The most successful 
traits have been incorporated into a design for a “Spring Observatory” in Tauranga 
City centre. 
(Fig 91.) Rendered section through the building demonstrating how light reflecting of the spring 
illuminates the tāhuhu whakairo, by author.
During this process, knowledge gaps were identified regarding the historic landscape 
of Te Papa peninsula and social influences of the built environment. This research 
and design illustrates how architecture can restore the historic landscape and 
address social issues contributing to the water crisis. In the future, groundwater 
architecture needs to be defined to establish a field of research capable of addressing 
these social issues. Projects like a “Spring Observatory” may be bold solutions, but 
they have the potential to improve public behaviour and reintegrate groundwater 
into built environments. 
Final Design
Proposed Plan (1:200)
110 111
Te ara o manuhiri: (Western Visitors Entrance) to the Observatory and Formal Space
Spring Observatory: space for the public to track and mark significant astronomical events
Formal Space: designed to enhance events like pōhiri, conferences and public lectures
Informal Space: permanent exhibits where visitors can learn about the spring, observatory design and upcoming events
112 113
Sectional perspective: illustrating the designs construction and adaptations to suit the spring source and wetlands
Harakeke models: flax prototypes that were used to develop the primary structure for the Observatory 1:100 Scale model: a two piece model that splits through the middle observatory and spring source.
Also, an exploded axonometric (right) as well as common traits and astronomical iterations from the design process (left)
Final Examination
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“The land and ngahere is my home, my familiar place, my refuge. It provides me with shelter, 
sustenance and peace. From the rich life-giving soil to the green pastures along the coast and the 
forest giants clothing the hills, Papatūānuku shares her bounty with those who respect and nuture 
it..”


